Development of high strength, brazed aluminum, honeycomb sandwich composites adaptable for both elevated and cryogenic temperature applications,  volume I - Brazing alloy development and selection  Final report, Jul. 1963 - Sep. 1966 by Kramer, B. E. & Potter, D. Y.
GERONCA, INC.  
GERMANTOWN ROAD - MIDDLETOWN, OHIO *’ 1 
VOLUME I - BRAZING ALLOY DEVELOPMENT AND SELECTION 
,/ FINAL REPORT 
DEVELOPMENT O F  HIGH STRENGTH, 
BRAZED ALUMINUM, HONEYCOMB SANDWICH 
COMPOSITES ADAPTABLE FOR BOTH ELEVATED 
& CRYOGENIC TEMPERATURE APPLICATIONS, 
I FOR I 
I 
GEORGE C. MARSHALL SPACE FLIGHT CENTER 
HUNTSVILLE, ALABAMA 
CONTRACT NO e NAS8- 5 445 
PERIOD O F  PERFORMANCE ‘ JULY, 1963 TKROUGH SEPTEMBER, 1966 
PREPARED BY: 
B. E. KRGMER 
D. Y. POTTER ’ 
MSFC TECHNICAL SUPERVISOR 
F. Pa LA IACONA 
, 
E R- 9 8 6  SEPTEMBER 30, 1966 
https://ntrs.nasa.gov/search.jsp?R=19670016544 2020-03-12T11:29:45+00:00Z
T h i s  r e p o r t  was p r e p a r e d  by t h e  Middletown D i v i s i o n  of Aeronca, I n c .  under  
N a t i o n a l  A e r o n a u t i c s  and  Space A d m i n i s t r a t i o n  c o n t r a c t  NAS8-5445 , 
"Development o f  High S t r e n g t h ,  Brazed Aluminum, Honeycomb Sandwich Composites 
Adaptable  f o r  bo th  Elevated and Cryogenic  Temperature  A p p l i c a t i o n s i f .  The 
work was a d m i n i s t e r e d  u n d e r  t h e  t e c h n i c a l  d i r e c t i o n  o f  t h e  P r o p u l s i c n  and  
V e h i c l e  E n g i n e e r i c g  D i v i s i o n ,  Engineer ing  M a t e r i a l s  Branch of  t h e  
George C. M a r s h a l l  Space F l i g h t  Cen te r  w i t h  F. P. LaIacona a c t i n g  a s  
P r o j e c t  Manager. 
i 
ABSTRACT 
T h i s  r e p o r t  i s  Volume I of two volumes which d e s c r i b e  t h e  work 
accompl ished o n  f l u x l e s s  b r a z i n g  h i g h  s t r e n g t h  aluminum a l l o y s  under c o n t r a c t  
NAS 8-5445 f o r  NASA, M a r s h a l l  Space F l i g h t  C e n t e r ,  H u n t s v i l l e ,  Alabama. I n  
a d d i t i o n  t o  t h e  p r e s e n t  two volumes, an a n n o t a t e d  b i b l i o g r a p h y  on aluminum 
b r a z i n g  was p u b l i s h e d  s e p a r a t e l y .  
from J u l y  '1963 t o  September 1966. 
The program covered  a t h r e e  y e a r  p e r i o d  
The pr imary  t a s k s  were d i v i d e d  as fo l lows :  
1st Year: 
2nd Year: Optimize p r o c e s s e s  and t o o l s  t o  improve w e t t i n g  and 
I n v e s t  i g a t  e comnercia 1 l y  a v a i l a b  l e  b r a z  i n g  a1 l o y s  . 
f l o w  of  commercial ly a v a i l a b l e  b r a z i n g  a l l o y s .  
3 r d  Year: Develop new b r a z i n g  a l l o y s  w i t h  improvements ove r  
t h o s e  commercial ly a v a i l a b l e .  
Volume I of  t h i s  r e p o r t  p r e s e n t s  t h e  b r a z i n g  a l l o y  development and 
s e l e c t i o n  w h i l e  Volume I1 c o n t a i n s  t h e  r e s u l t s  of  f a b r i c a t i o n ,  t e s t i n g  
(-423:F t o  600'F) and  e v a l u a t i o n  of  f e a s i b i l i t y  hardware. 
Commercially a v a i l a b l e  b r a z i n g  a l l o y s ,  No. 716 and No. 719, were 
used t o  s u c c e s s f u l l y  b r a z e  X7005, X7106 and 7039 honeycomb c o r e  sandwich 
panels .  New b r a z i n g  a l l o y s  i n  t h e  sys tems Al-Ge-Si-Zn and Al-Ge-Si-Ag, 
were developed and s u c c e s s f u l l y  j o i n e d  X7106. F e a s i b i l i t y  hardware have 
shown tha t  node f low can b e  ach ieved  and t h a t  node f i l l e t i n g  p l u s  t h e  pro-  
p e r t  ies o f  t h e  b r a z i n g  a l l o y  demonst ra ted  improvements ove r  comparable bonded 
s t ructures .  Brazed sandwich p a n e l s  show improved r e s i s t a n c e  t o  d e l a m i n a t i o n  
and p r e d i c t a b l e  performance over  a wide t e m p e r a t u r e  spectrum. 
It was concluded t h a t  optimum b r a z i n g  a l l o y  w e t t i n g  and f low r e q u i r e d  
t h e  b r a z i n g  a l l o y  t o  be  c l a d  on to  t h e  s u b s t r a t e  metal. 
brazements were produced by u s i n g  s e p a r a t e l y  p l a c e d  b r a z i n g  a l l o y  foil, .  
However, accep tab le"  
ii 
The e x p e r i m e n t a l  r e s u l t s  from quenching and h e a t  t r e a t i n g  s t u d i e s  
showed t h a t  aluminum honeycomb sandwich p a n e l s  c a n  be  quenched i n t o  l i q u i d  
n i t r o g e n  w i t h  minimum d i s t o r t i o n .  Large f l a t  and c y l i n d r i c a l  s e c t i o n  sand-  
wich brazements  were f a b r i c a t e d  by t h a t  method. 
a l l o y s  w i t h  r a p i d  quench r a t e  requ i remen t s  may be  u t i l i z e d  f o r  bo th  c o r e  
Consequent ly ,  h i g h  s t r e n g t h  
and f a c i n g  materials,  
ii i 
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1. INTRODUCTION 
R e a l i z i n g  t h e  advan tages  o f  brazed honeycomb sandwich s t r u c t u r e s  f o r  
a p p l i c a t i o n s  such a s  l i q u i d  oxygen tankage and  space  v e h i c l e s ,  NASA, by 
c o n t r a c t  t o  Aeronca, I n c . ,  under took  t h e  development o f  p r o c e s s e s  f o r  
b r a z i n g  h igh  s t r e n g t h  aluminum a l l o y s .  The r e q u i r e m e n t s  of  t h e  program, 
a s  set f o r t h  i n  N.458-5445, were t h e  fo l lowing  ( i n  a b b r e v i a t e d  form): 
The sandwich f a c e  s h e e t  m a t e r i a l s  s h a l l  be r e a d i l y  a v a i l a b l e  
h igh  s t r e n g t h  a l l o y s  which s h a l l  i n c l u d e  t h e  2000, 5000, 6000, 
and 7000 aluminum a l l o y s  s e r i e s .  
The c o r e  m a t e r i a l s  s h a l l  be from t h e  5000 and 6000 aluminum 
s e r i e s .  The honeycomb c o r e  s t r u c t u r e  s h a l l  b e  r e s t r i c t e d  t o  
t h e  hexagonal  c o r e  c o n f i g u r a t i o n  w i t h  t h e  t h i c k n e s s  c o n f i n e d  
t o  t h e  one- ha l f  i n c h  t o  one i n c h  range .  
Braze m a t e r i a l s  s h a l l  be  s e l e c t e d  i n i t i a l l y  from t h e  b r a z i n g  
aluminum- s i  1 ico  n group w i t h  subsequent  s e  l e e  t i o n s  from 
exper imen ta l  aluminum braze  a l l o y s .  
A b r i e f  background on p r o p e r t i e s  o f  h e a t  t r e a t a b l e  aluminum a l l o y s  
w i l l  s e r v e  t o  e x p l a i n  t h e  d i r e c t i o n  o f  work. L i s t e d  below a r e  t h e  recommended 
s o l u t i o n  h e a t  t r e a t m e n t s  and the  m e l t i n g  r a n g e s  o f  some a l l o y s .  
S o l u t i o n  
Alloy Heat Treatment M e l t i n g  Range 
7075 870°F 890 - 1175°F 
6053 
6061 
695 1 
2014 
2024 
2219 
X7005 
X7106 
9 70 
970 
970 
9 40 
920 
1000 
750 
8 60 
1100 - 1205 
1100 - 1205 
1140 - 1210 
950 - 1180 
935 - 1180 
1010 - 1190 
1125 - 1195 
1090 - 1185 
To develop’ f u l l  mechanical  p r o p e r t i e s  o f  t h e s e  s t r u c t u r a l  a l l o y s ,  i t  would 
n e c e s s a r y  t o  b r a z e  a t  o r  above t h e  s o l u t i o n  h e a t  t r e a t  t empera tu re ,  be 
fo l lowed by quenching and age  hardening.  ’E 
1 
. The recommended quenching ra tes  o f  some a l l o y s  a r e  g i v e n  below: 
7075 
. .  
2000 Serlee 
6000 Serlee 
X 7005 
703 9 
X7106, 
Cold 
Water 
Cold 
Water 
... 10 LOO 1000 10,000 
degrees/eecond 
C l e a r l y ,  t h e  6,000 series and X 7 0 0 5  a l l o y s  would be p r e f e r r e d  f o r  
manufac tur ing  s h e e t  metal brazements based  on  m e l t i n g  p o i n t ,  quenching r a t e ,  
and fewer d i s t o r t i o n  problems. The 2,000 series  a l l o y s  might be  a c c e p t a b l e ,  
i f  ve ry  good c o n t r o l  w a s  e x e r c i s e d  and s u i t a b l e  b r a z i n g  a l l o y s  were found. 
Accep tab le  m e l t i n g  ranges  ( o r  l i q u i d u s  t e m p e r a t u r e s )  o f  b r a z i n g  
a l l o y s  f o r  t h e  s t r u c t u r a l  a l l o y s  and m e l t i n g  r a n g e s  o f  a v a i l a b l e  b r a z i n g  
a l l o y s  are compared i n  Tab le  1. 
a l l o y s ,  a t  b e s t ,  a r e  u s e f u l  f o r  X 7 0 0 5 ,  X 7 1 0 6 ,  X 7 0 3 9  and t h e  6,000 s e r i e s  
s t r u c t u r a l  a l l o y s .  
It i s  apparen t  t h a t  t h e  a v a i l a b l e  b r a z i n g  
The second c a t e g o r y  o f  b r a z i n g  a l l o y s  would be t h o s e  which would 
have l i q u i d u s  t e m p e r a t u r e s  w i t h i n  t h e  approximate r ange  of 750; t o  10502F. 
T h i s  r ange  i n c l u d e s  t h e  z inc- base  s o l d e r i n g  a l l o y s ,  o t h e r  h a r d  s o l d e r s ,  and 
2 
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perhaps  less w e l l  known b u t  a p p l i c a b l e  a l l o y s .  
conducted  t o  uncover such a l l o y s  and /o r  s u i t a b l e  s y s t e m s  f o r  a l l o y  development. 
The r e s u l t s  of t h a t  s u r v e y  were p u b l i s h e d  s e p a r a t e l y .  
A l i t e r a t u r e  s e a r c h  w a s  
* 
*References a r e  g i v e n  i n :  "Ribl iography on Development of High S t r e n g t h ,  
Brazed Aluminum Honeycomb Sandwich Composites Adaptable  f o r  Both Elevated ,  
and Cryogenic Temperature Appl ica t ion" ,  NAS8-5445, Aeronca plfg. Corp.,  
B. E. Kramer, September 27, 1963. 
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1.1 SYNOPSIS OF PROGRAM WORK STATEMENT 
1963 - 1964: Phase I - L i t e r a t u r e  s e a r c h  f o r  r e a d i l y  a v a i l a b l e  b raze  
a l l o y  f o r  f l u x l e s s  b r a z i n g  and  a i r  quenching honeycomb 
s t r uc tu r e s  o f ' a l l o y s  i n  t h e  2000, 5000, 6000 and  7000 
series.  
- Phase I1 - S e l e c t  s i x  most p romis ing  b raze  a l l o y s  from 
l i t e r a t u r e  s e a r c h  above.  
Phase I11 - F a b r i c a t e ,  t e s t  and e v a l u a t e  hardware from 
a l l o y s  s e l e c t e d  above. 
1964 - 1965: Phase I - Expansion o f  l i t e r a t u r e  s e a r c h .  
Phase I1 - S e l e c t  f o u r  new r e a d i l y  a v a i l a b l e  b raze  
a l l o y s ,  de te rmine  way t o  o b t a i n  m e t a l l u r g i c a l l y  bonded 
honeycomb c o r e ,  i n v e s t i g a t e  t o o l i n g  and  p r o c e s s e s  
n e c e s s a r y  t o  a c h i e v e  s u i t a b l e  w e t t i n g  o f  t h e  b r a z e  
a l l o y  on t h e  d e s i r e d  s t r u c t u r a l  m a t e r i a l s .  
Phase I11 - F a b r i c a t e ,  t e s t  and e v a l u a t e  hardware 
from a l l o y s  s e l e c t e d  above.  
1945 - 1966: Phase I - Develop b r a z i n g  a l l o y  combina t ions  no t  
commercia 1 l y  ava i l a b  1 e and  conduct s c r e e n i n g  tests  . 
Phase I1 - S e l e c t  two a l l o y s  from above and f a b r i c a t e ,  
t e a t  and e v a l u a t e  hardware from h igh  s t r e n g t h  a l l o y s  
s e l e c t e d .  
5 
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2.  EVALUATION AND SELECTION OF COMMERCIALLY AVAILABLE MATERIALS 
2.1 EQUIPMENT, MATERIALS -AND METHODS 
Labora to ry  Tube Furnace 
Labora to ry  b r a z i n g  t e s t s  and  f low tests  o f  expe r imen ta l  b r a z i n g  a l l o y s  
The were conducted  w i t h i n  a q u a r t z  m u f f l e  c o n t a i n i n g  a pu re  a r g o n  atmosphere.  
I 
equipment i s  s c h e m a t i c a l l y  shown i n  F igu re  1 . 
The q u a r t z  r e t o r t  w a s  s q u a r e  bo re ,  large enough t o  b r a z e  sandwich 
Face- to- core  clamping p r e s s u r e  w a s  specimens app rox ima te ly  %" x 1" x 311. 
provided  by dead-weight l o a d i n g  u s i n g  s t r i p s  o f  copper  and  t h e  copper  we igh t s  
were s e p a r a t e d  from t h e  aluminum specimens by f i b e r  glass c l o t h  t o  p r e v e n t  
a l l o y i n g ,  
A h igh  p u r i t y  g rade  o f  a r g o n  w a s  u sed .  I t  w a s  ana lyzed  and  c e r t i f i e d  
a t  <4 ppm oxygen and  used a t  Aeronca t o  c a l i b r a t e  Beckman hygrometers ,  which 
a r e  i n s t a l l e d  i n  t h e  a r g o n  s e r v i c e  l i n e  t o  t h e  Manufac tur ing  Department.  The 
a rgon  gas used  f o r  p roduc t ion  b r a z i n g  i s  e q u i v a l e n t  i n  p u r i t y  t o  t h e  l a b o r a-  
t o r y  supply ;  consequen t ly ,  F roduc t ion  b r a z i n g  would be done unde r  c q u i v a l e n t  
g a s  c o n d i t i o n s .  
F r i o r  t o  h e a t i n g  t h e  spec imens ,  t h e  q u a r t z  titbe w a s  purged u n t i l  i t s  
atmosphere o f  a r g o n  measured -80°F dew p o i n t .  Cup type  dew p o i n t e r s  were 
p l a c e d  a t  bo th  t h e  i n l e t  and  o u t l e t  gas l i n e s .  
dew p o i n t  and  p a r t s  p e r  m i l l i o n  w a t e r  vapor i s  shown below: 
The r e l a t i o n s h i p  between 
Dewpoint ( A l l  Gases)* 
Dewpoint i s  t h e  tempera ture  a t  which a g i v e n  m i x t u r e  o f  gas and  
water  vapor  i s  s a t u r a t e d .  Below t h a t  t empera tu re ,  water w i l l  condense o u t  
o f  t h e  gas. 
m o i s t u r e  c o n t e n t  i n  g r a i n s  p e r  1,000 c u e  f t .  
The t a b l e  below shows approximate  dewpoints  based  on t h e  
Moisture Content 
(Grains per 
1,009 cu. ft.)' 
2 
4 
6 
10 
20 
40 
60 
80 
100 
a 
Dea 
7-
Beg. F. 
-84 
-76 
-70 
-66 
-62 
-52 
-42 
-35 
-30 
-27 
int . 
-64 
-60 
-57 
-54 
-52 
-47 
-41 
-37 
-34 
- 4 3  
E 
*I grain equals approximataly 3 parts per million. 7,000 grains equal 1 Ib. 
*Lfnde t e c h n l c a l  b s l l e t i n .  6 
Thermocouple 
Resistance Furnace 
Tyaon Tube t o  
O i l  Sealed Vacuum Punp 
Specimen Support 
S p a r e  Bore Quartz - 
. .  
Figure 1 Schemtic Drawing of Apparatus Used €or 
Melting Point and Flow Tests of Experimental 
Brazing Alloys 
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Sca 1 e-Up Bra zement s 
Sandwich specimens l a rger  t h a n  1" x 3" were b razed  w i t h i n  welded 
r e t o r t s .  Sandwich f ace- to- core  clamping p r e s s u r e  w a s  provided  by p a r t i a l l y  
e v a c u a t i n g  t h e  r e t o r t s .  The clamping p r e s s u r e s  u sed  were, t y p i c a l l y ,  
w i t h i n  t h e  r ange  0.1 t o  0.5 p s i .  R e t o r t  mater ia ls  were carbon s t e e l ,  
s t a i n l e s s  s t ee l ,  and  aluminum a l l o y s .  Reasons f o r  t h e  c h o i c e  o f  s p e c i f i c  
r e t o r t  mater ia ls  a re  d e s c r i b e d  w i t h i n  i n  t h e  a p p r o p r i a t e  s e c t i o n s .  
Although t h e  d e s i g n  o f  r e t o r t s  i s  f l e x i b l e ,  F i g u r e  2 shows t h e  t ype  o f  
r e t o r t  which was used .  
Honeycomb Core Procurement a n d  F a b r i c a t i o n  
During t h e  m a j o r i t y  o f  t h i s  program, honeycomb c o r e  procurement  
h a s  been a s u b s t a n t i a l  problem and c o n t r i b u t e d  t o  some schedu le  d e l a y s .  
An a r b i t r a r y  d e c i s i o n ,  e a r l y  i n  t h e  program, was t h a t  c o r e  t o  be  u sed  
would be h e a t  t r e a t a b l e  a l l o y s ,  m e t a l l u r g i c a l l y  bonded. F i r s t ,  i t  proved t o  
be i m p o s s i b l e  t o  o b t a i n  any  o f  t h e  d e s i r e d  h e a t  t r e a t a b l e  a l l o y s  a s  f o i l s  
from commercial sources.'k 
Inasmuch a s  t h e  a l l o y s  wocld have t o  be r o l l e d  e x p e r i m e n t a l l y ,  i t  
w a s  dec ided  t o  work w i t h  r a t h e r  t h i c k  gages  - 0.005" t o  O.OIOT1. Alcoa 
g r a t u i t o u s l y  s u p p l i e d  s m a l l  q u a n t i t i e s  o f  6951 and X7005 i n  t h e s e  gages  f o r  
expe r imen ta l  work. A l l o y s  0.008" t h i c k  were a r b i t r a r i l y  s e l e c t e d  f o r  f u r t h e r  
work a n d  25 l b s .  e ach  o f  0.COE" t h i c k  6951 and  X7005 were procured  from t h e  
Alcoa Research Lahora t o r y .  
For t h e  second a n d  t h i r d  y e a r  of  t h e  program 0.00511 t h i c k  X7005 and  
2024 f o i l s  were p rocu red .  Alloy 2024 w a s  o b t a i n e d  commerical ly,  bu t  X7005 
w a s  o b t a i n e d  by r o l l i n g  0.03211 t h i c k  s h e e t  t o  0.005t1. The r o l l i n g  w a s  done 
by Rodney Metals, New Bedford,  Mass. 
Samples o f  v a r i o u s  t h i n  gage c o r e  materials  were s e n t  t o  t h e  v a r i o u s  
c o r e  makers and  r e q u e s t s  f o r  q u o t a t i o n s  s o l i c i t e d .  
Only Kentucky Metals, I n c o r p o r a t e d ,  L o u i s v i l l e ,  Kentucky, w a s  a b l e  
t o  supply welded co re .  T h e i r  weld ing  w a s  done by hand, one  node a t  a t i m e ,  
o n  u l t r a s o n i c  we ld ing  equipment .  Kentucky Metals s u p p l i e d  app rox ima te ly  30 
s q u a r e  f e e t  o f  c o r e ,  318" c e l l  s i z e ,  by %I1 t h i c k  b l a n k e t ,  i n  s q u a r e  c e l l  
c o n f i g u r a t i o n .  
1 ,  
I n  a d d i t i o n ,  r e s i s t a n c e  welded c o r e  w a s  produced a t  Aeronca. 
* F o i l s  o f  1100 and  3003 a r e  r e a d i l y  o b t a i n a b l e .  2024 i s  now a v a i l a b l e  from 
American Lamol i te  Corpora t i o n ,  Cleve land ,  Ohio 
8 
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Figure  2 - Schematic  Drawing of  a Typ ica l  Braz ing  R e t o r t  
9 
The Aeronca c o r e  b l a n k e t s  were o f  t h e  hexagonal c e l l  c o n f i g u r a t i o n .  
Accordingly ,  a l l  d i s c u s s i o n s  o f  honeycomb c o r e  throughout  t h i s  r e p o r t  can be 
r e l a t e d  t o  t h e  a p p r o p r i a t e  vendor:  s q u a r e  c e l l  - Kentucky M e t a l s ;  hexagonal  
c e l l  - Aeronca. 
A t y p i c a l  Aeronca produced c o r e  b l a n k e t  is shown i n  F i g u r e  3 . The 
b l a n k e t  t h i c k n e s s w a s  0.61'. 
ce l l  s i z e ,  0.0081r t h i c k  n o n- p e r f o r a t e d  r i b b o n ) .  
The c o r e  t y p e  w a s  6-80 n,p., hexagona l  c e l l  (3/8" 
Heat Treatment  Study- - T e n s i l e  Data 
Inasmuch a s  a l l  o f  t h e  b r a z i n g  c y c l e s  c o n s t i t u t e d  more o r  less  
non- s tandard  h e a t  t r e a t m e n t s ,  some o f  t h e  b a r e  and  b r a z e  c l a d  m a t e r i a l s  w e r e  
h e a t  t r e a t e d  th rough  t y p i c a l  b r a z i n g  c y c l e s ,  aged ,  and t e n s i l e  t e s t e d .  The 
p rocedure  f o l l o w s  : 
Specimens: O.04Or1 t h i c k  s h e e t  metal,  5" x 8" i n  s i z e  
M a t e r i a l  Condi t ion:  F temper - a s  r o l l e d  
I n s t r u m e n t a t i o n :  Chromel-Alumel thermocouple bead peened i n t o  a 
s l i t  i n  e a c h  s h e e t  specimen 
Furnace:  Hevi-Duty r e c i r c u l a t i n g  a i r  f u r n a c e  
Procedure:  An i n s t r u m e n t e d  specimen was p l a c e d  on a b r i c k  w i t h i n  
t h e  p re- hea ted  f u r n a c e ,  withdrawn a f t e r  t h e  c o r r e c t  
time and  quenched a s  shown i n  Table  2 . 
Table  2 p r e s e n t s  t h e  r e s u l t s  o f  t h e  t e s t s  conducted.  
Below e a c h  g roup  o f  d a t a ,  'minimums' o r  ' t y p i c a l s '  a r e  l i s t e d  i n  
p a r e n t h e s e s .  'Miniqums' (where a v a i l a b l e )  were from 'Aerospace S t r u c t u r a l  
Metals Handbook, Volume 11, Non-Ferrous A l l o y s ,  'ASD-TDR-63-741, March, 
1963. 'Typ ica l s '  and  o t h e r  'Minimums' w e r e  from Alcoa handbooks o r  d a t a  
s h e e t s .  
Reduc t ions  i n  t e n s i l e  s t r e n g t h ,  y i e l d  s t r e n g t h ,  and  e l o n g a t i o n  were 
n o t e d  f o r  t h e  b r a z i n g  a l l o y  c l a d  aluminum a l l o y s .  
aluminum b r a z i n g  a l l o y  system m u s t  be a r e a c t i v e  system, some d e g r a d a t i o n  i n  
mechanical  p r o p e r t i e s  w a s  t o  be e x p e c t e d  f o r  a b r a z e d  c o n f i g u r a t i o n .  However, 
i t  w i l l  be shclwn i n  Volume I1 t h a t  i n  some i n s t a n c e s  t h e  aluminum b r a z i n g  
a l l o y s  i n c r e a s e d  t h e  y i e l d  s t r e n g t h  o f  X7005, a l t h o u g h  t h e  t e n s i l e  s t r e n g t h  
and  e l o n g a t i o n  were reduced.  
Because any aluminum - 
1 .  
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TABLE 2 
TENSILE DATA - HEAT TREAT STUDY 
Material: Aluminum Alloy Sheet, 0.040 Thickness 
Yield Strength 
Specimen Ultimate Tsnaile 0.2% Offset  Elongation 
Number Strength - KSI KS I Pei- Cent 
1. 2P14, 930°F 5 min., water quenched, aged 9 hours a t  340°F 
1 
2 
3 
74.7 
75.2 
7-50 7 
62.5 
62.0 
62.5 
16.5 
10.5 
10.8 
2. 2024, 930°F 5 min., water quenched, aged 9 houre at  375°F 
1 
2 
3 
4 
66.5 
69.0 
6.9.7 
68.0 
50.0 10.0 
50.0 13.5 
49.5 * 13.5 
50.7 10.5 
T-6 M i l l .  (64) (50) (5 1 
3. 2212, 990°F 5 min., water quenched aged 9 hour6 a t  375°F 
1 64.0 . 
2 64.0 
3 63.0 
62.5 4 
5 63.0 
46.1 
45.7 
$5.2 
44.2 
45.5 
10.5 
10.0 
9.0 
9.5 
11.0 
. -  
T-62 Typ. (00) (42  1 (11) 
4. 6061, 1050°F 5 min. , .boi l ing water quenched, aged 20 hours a t  320°F 
1 
2 
3 
31.2 
51.5 
51.5 
44.7 
44.7 
45.1 
13.0 
14.0 
13.0 
7-6 Type (45) (40 1 (12) 
T-6 MPn. (42) (35) (4-10) 
pl 5 .  6951, 1llQ"F 10 min., b o i l i n g  water quenched, aged 20 hour8 a t  320°F 
1 
2 
3 
I 
46.0 
45.9 
45.4 
46.2 
39.7 
39.8 
39.7 
39.9 
(33) 
11.5 
12.0 
12.5 
11.5 
(13) . 
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TABLE 2 
_I_- 
Y i e l d  S t r e n g t h  
KS I 
E longat  i on 
Per  Cent 
Spec imen U l t i m a t e  T e n e i l e  0.2% O f f s e t  
Numb e r S t r e n g t h  - KSI  
6. 6951, 1110°F 5 min., b o i l i n g  water  quenched, aged 20 hours  a t  320°F 
1 46.6 . 40.0 13.0 
2 46.1 40.1 11.5 
39.9 31.0 
39.9 12,o 
3 46.3 
4 46.4 
5 46.3 39.6 13.5 
"-6 Type (39) (33) (13) 
7. Braz ing  Shee t  #23 (6951 c l a d  one s i d e  lo%, 7 1 4 ' a l l o y )  
1110°F 10 min., b o i l i n g  wa te r  quench, aged 20 houre a t  320°F 
1 
2 
3 
4 
37.2 
36.1 
36.1 
36.6 
32.3 
31.7 
32.4 
33.1 
5.5* 
5.0 
4.5 
5.0 
8. Brazing Shee t  #23. (6951 c l a d  one s i d e  IO%, 714 zlloy) 
1110°F 5 min., b o i l i n g  water quench, aged 20 hours  a t  320°F 
1 
2 
3 
4 
35.7 
34.6 
35.4 
34.6 
31,9 
34.2 
33.1 
32.4 
5.0 
0.6" 
3.0 
1.0 
9. X7005, 1100°F 10 min., b o i l i n g  water quench, aged 5 days room temperature 
and 48 hours  a t  250"F** 
I .  
2 
3 
4 
49.4 
47.5 
48.6 
47.9 
39.6 
38.9 
39.2 
39.1 
(42) 
(36 1 
16.0 
14.0 
15.5 
25.0 
(13) 
( 7 )  
10. X7005, 1100°F 5 min., wa te r  quench (room temp. w a t e r ) ,  aged 5 days room 
t empera tu re  ar,d 48 h o u r s  a t  250"F** 
47.3 
46.9 
45.4 
47.1 
46.4 
38.3 
37.9 
37.8 
38.1 
37.9 
12.5 
14.0 
14.0 
14.0 
11.0 
(42) ( 13) f >  T-6 Type (51) 
T-6 Min. (45) (36) ( 7 )  
*Failed o u t s i d e  of gage l eng th .  
followed by 48 hra ,  at  250°F. 
Uneven b r s z i n g  a l l o y  f low no ted .  
**Non-etandard. Recommended Procedure:  A i r  quench, age  1 day a t  room temperature 
13 
TABLE 2 
Yie ld  Strength 
Spec imen Ultimate Teneile 0.2% Gffeet Elonga t ion 
Number Strength -. KSI KS I Per Cent 
11. X7005 Braze Clad (X7005 c lad one s ide  4%, 718 a l l o y )  
1100°F 10 min., bo i l ing  water quench, aged 5 day8 room temperature and 
. .  ' 48 hour$ a t  250°F. 
42.3 
41.2 
41.1 
42.3 
33.0 
32.6 
31.7 
33.2 
12. X7005 Braze Clad (X700f clad one B i d e  4%, 718 a l l o y )  
1100°F 5 min., bo i l ing  water quench, aged 5 day8 room temperature and 
48 hours a t  250OF. 
1 
2 
3 
4 
35.7 
44.3 
44.0 
43.6 
29.5 
33.4 
33.9 
33.7 
6.5 
0.5 
7.0 
6.5 
4.0 
1 1 . 5  
10.5 
9.5 
14 
Braz ing  Al loys  
The commercial ly a v a i l a b l e  aluminum b r a z i n g  a l l o y s  were l i s t e d  i n  t h e  
i n t r o d u c t i o n  and are d e s c r i b e d  more f u l l y  i n  Appendix A of  t h i s  r e p o r t ,  A l l  
of  t h e  commercial b r a z i n g  a l l o y s  were e v a l u a t e d  e x c e p t  4043 which was n o t  
compa t ib le  i n  m e l t i n g  range  w i t h  t h e  b a s i s  m e t a l s  used. 
C lean ing  
From t h e  l i t e r a tu re  su rvey ,  it w a s  a p p a r e n t  t h a t  o x i d e - f r e e  aluminum 
components cou ld  not  b e  assembled f o r  b r a z i n g  u n l e s s  such assembly w a s  done 
e i t h e r  v e r y  q u i c k l y  o r  w i t h i n  a n  i n e r t  environment.  
and R u s s e l  
degreas ing .  The ox ide  f i l m  was s a i d  t o  c r a z e  d u r i n g  h e a t i n g  which exposed 
S i g n i f i c a n t l y ,  Corey 
vacuum brazed  aluminum a l l o y s  wi thou t  any p r e c l z a n i n g  o t h e r  t h a n  
* 
c l e a n  metal t o  t h e  b r a z i n g  a l l o y .  The b r a z i n g  a l l o y  used  by them was 
A1-8%Si . ** 
The p r e s e n t  i n d u s t r i a l  method of removing o x i d e  c o a t i n g s  from alum- 
inum a l l o y s ,  i n v o l v e s  t h e  use  of  e t c h a n t s .  Refe rence  i-3 d e s c r i b e s  s e v e r a l  
of  t h e s e  methods, I n  a d d i t i o n ,  t h e  Miller p a t e n t ,  r e f e r e n c e  €1-2, d e s c r i b e d  
t h e  i n t e r e s t i n g  aluminum ox ide  s o l v e n t  c o n s i s t i n g  of  anhydrous hydrogen 
*>k* 
f l u o r i d e  d i s s o l v e d  i n  a l c o h o l .  It w a s  s a i d  t o  remove t h e  ox ide  wi thou t  
a t t a c k i n g  t h e  s u b s t r a t e .  Miller u s e s  it f o r  e t c h i n g  aluminum m e t a l l o g r a p h i c  
specimens. 
The sodium h y d r o x i d e - n i t r i c  a c i d  method was i n v a r i a b l y  used  through-  
o u t  t h e  p r e s e n t  work, u n l e s s  s p e c i f i c a l l y  noted  o t h e r w i s e .  
* 
**- 
*& 1. 
A1 c o a ,  p e r  so na 1 comrnu n i c a t  i o  n . 
A l l  a l l o y  compos i t ions  l i s t e d  w i t h i n  a r e  g i v e n  i n  weight  Fer c e n t .  
'3 ,. >\ 
Refe rences  are l i s t e d  i n  t h e  s e p a r a t e l y  publ . ished Bib l iography ,  see 
Page 4 ,  w i t h l n .  
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2.2 SANDWICH PANEL BRAZING INVESTIGATIONS 
T h i s  s e c t i o n  and  S e c t i o n  2.3 d e s c r i b e  t h e  b r a z i n g  methods and r e s u l t s  
f o r ' l 7  honeycomb c o r e  sandwich brazements ,  t h e  o r d e r  o f  one  s q u a r e  f o o t  i n  
s i z e .  P r i o r  t o  b r a z i n g  each  p a n e l ,  l a b o r a t o r y  sandwich brazements  were rhade 
i n  t h e  tube  f u r n a c e  t o  e s t a b l i s h  b r a z i n g  t empera tu re s ;  b u t ,  t h e  b r a z e a b i l i t y  
of  a metal system w a s  n o t  cons ide red  e s t a b l i s h e d  u n t i l  i t s  merits  were 
de termined  i n  p roduc t ion-  type  hardware f a b r i c a t i o n .  The chronology o f  t h e s e  
brazernents was r e l a t e d  t o  procurement o f  mater ia ls  and honeycomb c o r e .  
Pane l  No. 1 
Faces :  O.04OT1 823 Braz ing  S h e e t  
Core: 6-80 x 1/2" n.p. 6951, s q u a r e  ce l l  
Edge Members ( 2 ) :  L s e c t i o n ,  0.040" 823 Braz ing  Shee t  
Nominal S i z e :  8'' x 1 P  o v e r a l l  
Vacuum Wi th in  R e t o r t :  t o  produce 0.2 p s i  p r e s s u r e  on pane l  
Braz ing  Schedule:  1110 - 5"F, 6-10 min., h e a t  and  quench a t  
f a s t e s t  p r a c t  ica  1 r a t e  e 
+ 
The pane l  c r o s s  s e c t i o n  i s  i l l u s t r a t e d  below: 
(Not t o  S c a l e )  
The c o r e  w a s  machined f l a t  on Onsrud c o r e  machining equipment.  A 
t h i c k n e s s  o f  0.030" w a s  removed from each  s i d e  l e a v i n g  a c o r e  ch i ckness  o f  
0.42". Ivo ry  soap  was used  a s  t h e  l u b r i c a n t  d u r i n g  machining and  t h e  c o r e  
was chucked t o  t h e  machine bed i n  a water s o l u b l e  p roduc t  t r a d e  named 
Z i n c a l a t e .  The l u b r i c a n t  a n d / o r  chucking  medium l e f t  a r e s i d u e ,  o r  r e a c t i o n  
p roduc t ,  on t h e  c o r e ,  which could  not  be removed by s t a n d a r d  d e g r e a s i n g  and 
NaOH-HNO c l e a n i n g .  3 -  
removing i t ;  consequen t ly ,  a l l  o f  t h e  aluminum d e t a i l s  were duplex  c l eaned :  
f i r s t  i n  HNO -HF, t hen  by t h e  s t a n d a r d  p r o c e s s  o f  h o t  NaOH fo l lowed by a 3 
r i n s e  and HNO 
An HM03-HF mix tu re  w a s  found t o  be s a t i s f a c t o r y  f o r  
t #  
3 '  
The c l e a n e d  p a r t s  were s t o r e d  i n  a n  a rgon  f i l l e d  c a b i n e t  u n t i l  pane l  
No f l u x  no r  f low promoter  w a s  used .  assembly cou ld  be done. 
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The assembled d e t a i l  p a r t s  a re  shown w i t h i n  t h e  r e t o r t  i n  F i g u r e  4 . 
A d d i t i o n a l  metal w i t h i n  t h e  r e t o r t  w a s  s tee l  t o o l i n g  c o r e  and  X7005 and  
6951 coupons f o r  t e n s i l e  specimens. 
A photograph o f  t h e  pane l  i s  shown i n  F igu re  5 .  The r a d i o g r a p h i c  
i n s p e c t i o n  r e c o r d  i s  shown i n  F igu re  6 . 
Ana lys i s  o f  t h e  pane l  w a s  a s  fo l lows :  
Core- to-Face Braze: Braze w a s  good, bu t  f i l l e t s  were small; v o i d  
area was no ted  on lower  f a c e .  
Node Flow: None 
Core Buckling:  None 
Edge Member t o  Upper Face 'T' J o i n t :  80% brazed  
Shear  T i e  (Core e d g e - t o - v e r t i c a l  edge member): None w a s  p lanned ,  
b u t  where c o n t a c t  w a s  made t h e  b r a z e  was s a t i s f a c t o r y .  
Metal- to-Metal  ( f l a t ,  h o r i z o n t a l  p o r t i o n  o f  t h e  edge member-to-bottom 
face): abou t  50% vo id .  
Recomiiendation: Extend h e a t i n g  c y c l e  abou t  2 minu te s  o r  i n c r e a s e  
tempera ture  5 t o  10°F.  P rov ide  f o r  a d d i t i c n a l  p r e s s u r e  on f l a t ,  h o r i z o n t a l  
p o r t i o n  of  edge member (me ta l- to- me ta l ) .  
Pane? No. 2 w a s  b razed  s i m i l a r l y ,  b u t  wich t h e  a d d i t i o n  of  2 p . / s q .  
f t .  magnesium powder a p p l i e d  eo t h e  b r a z e  c l a d  f a c e s ,  and  t h e  p a r t i a l  p r e s s u r e  
w i t h i n  t h e  r e t o r t  w a s  a d j u s t e d  t o  p rov ide  0.3 p s i  on t h e  r e t o r t .  
b r a z i n g  
A n a l y s i s  o f  pane l  No. 2 fo l lows:  
Core- to-Face Braze:  Good f i l l e t i n g  throughout  
Node Flow: Vane 
Core Buckling:  None--very s l i g h t  f a c e  d impl ing  o c c u r r e d  
Edge Member t o  Upper Face 'TT J o i n t :  Good brazk o v e r a l l  
Shea r  T i e  ( co re  e d g e - t o - v e r t i c a l  edge member) : 
b u t  where c o n t a c t  w a s  made t h e  b r a z e  w a s  s a t i s f a c t o r y .  
None was p lanned ,  
N e  ta  1 - to-ldeta 1 ( f l a  t , hor izon  t a  1 p o r t  i o n  o f edge member- t o -  50 t tom 
f a c e ) :  
v o i d  on  t h e  o t h e r  s i d e .  
100% braze  one  s i d e  o f  t h e  pane l ,  abou t  50% 
Analysis o f  Brazed Pane l s  No. 1 and No. 2 
P a n e l s  No. 1 and No. 2 had 6951 c o r e  ( t y p e  6-80 x 1/2") and ?/23 ,, 
s h e e t  f a c e s  (6951 c l a d  w i t h  714 a l l o y ) .  
3_ 
They were b razed  n e a r l y  
i d e n t i c a l l y  e x c e p t  t h a t  Pane l  No. 2 had magnesium powder added t o  promote 
b r a z i n g  a l l o y  f low and  f i l l e t i n g .  Photomicrographs i n  F i g u r e s  7 through 
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11show t h a t  b o t h  p a n e l s  brazed  s a t i s f a c t o r i l y ,  b u t  t h a t  magnesium caused  
a n  i n c r e a s e  i n  f i l l e t  s i z e  and b r a z i n g  a l l o y  f low d i s t a n c e .  Based on t h e  
t i m e -  tempera ture  b r a z i n g  c y c l e s  and  t h e  proceeding  l a b o r a t o r y  brazements ,  
t h e  a d d i t i o n  of magnesium a l s o  lowered t h e  b r a z i n g  t empera tu re  by a b o u t  
10°F. 
T e n s i l e  d a t a  on specimens from t h e  p a n e l s  and from X7005 ( c l a d  w i t h  
718 a l l o y ) ,  which was inc luded  i n  t h e  b r a z i n g  r e t o r t ,  a r e  r e p o r t e d  i n  Tab le  
3 . Cross  s e c t i o n s  o f  t e n s i l e  specimens a re  shown i n  F igu re12  . The 
r e a s o n  f o r  dec reased  s t r e n g t h  o f  X7005 i s  c l e a r l y  shown i n  t h e  photomicro-  
g r a p h ,  F i g u r e  12 bottom. S i l i c o n  d i f f u s i o n  i n t o  t h e  X7005 o c c u r r e d  t o  a 
depth  o f  o n e - t h i r d  t h e  c r o s s  s e c t i o n  o f  t h e  0.040" t h i c k  s h e e t .  
P a n e l s  No. 3 and N o .  4 
P a n e l s  No. 3 and No. 4 were n e a r l y  i d e n t i c a l  and  were b r a z e d  t o g e t h e r  
i n  t h e  same r e t o r t .  The b r a z i n g  schedu le  w a s  e i g h t  minutes  a t  1100°F. The 
pane l  d e s c r i p t i o n s  a re  g i v e n  below: 
Pane 1 Faces  - Core - T i m e  Temp. OF Remarks 
3 0.040 6-50x2 About 1090-1100 4"~10"  - NO 
X7005 c l a d  X7005 10 min. F lux  - NO 
w i t h  No. 718 Flow Promoter  
4 0.040 6-  1 0 0 ~ %  About 1090-1100 4"xlO" - NO 
X7005 c l a d  X7005 c l a d  10 min. F lux  - NO 
w i t h  N o .  718 w i t h  No. 718 Flow Promoter  
Photomicrographs o f  specimenq from t h e  two p a n e l s  a re  shown i n  
F i g u r e  13. F igu re  14 shows one o f  t h e  p a n e l s  s p l i t  a p a r t  f o r  
comparison w i t h  t h e  r a d i o g r a p h i c  r e p o r t .  
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J +  t ,  8 
Figure 8 Brazing Alloy F i l l e t ,  as  shown, for Edge Member of Panel Bo, 1, Bra8hg 
Sheet #23 (6951). 
Mag, lOOX 
Etchant: 2% HP 
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Figure 10 Brazing Alloy F i l l e t ,  as shown, for Edge Member of Panel No. 2, 
Brazing Sheet #23 (6951) with 200 Mesh Magnesium Powder added to 
promote Flow and Vetting. Compare with Figure 8. 
&et adox 
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11 Brazing Alloy F i l l e t ,  a s  shown, for Edge Member 9Tt Section of 
Panel No. 2 ,  Brazing Sheet f 2 3  (6951) with 200 Mesh Magnesium 
Added to promote Flow and Wetting. 
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Mag: lOOX 
Etchant: 2% HF 
TABLE 3 
TENSILE DATA- BRAZED AND HEAT TREATED 6 1 ND X7005 A OY s 
BARE M T E R I A L  - HEAT CYCLED WITH PANEL NO. 1, THEN AGED* 
U.T,S. Y.S.  0.2% O f f s e t  Per C e n t  
Mat e r i a 1 psi_ p s i  E l o n g a t  ion 
6951 36,000 25 , 750 13 
6951 36,000 26,750 12 
695 I 35,950 26,100 13 
6951 36,000 26,750 14 
9651 36,000 26 , 250 14 
7005 50,750 
7005 50,750 
7005 50,000 
7005 50,250 
7005 50,750 
40,500 
41,450 
41,450 
41,500 
41,750 
15 
15 
15 
15 
15 
BRAZE CLAD ONE S I D E  - HEAT CYCLED WITH PANEL NO. 2, THEN AGED+< 
U.T.S. Y.S. 0.2% O f f s e t  Per C e n t  
Materia 1. -EEL- p s i  E l o n g a t i o n  
6951 . 
6951 
6951 
6951 
6951 
32,790 25 , 800 
is,  300 25 , 500 
30,700 25 , 300 
32,630 25 , 700 
32,300 26,050 
8.5 
8.0 
3.5 
7.0 
6.5 
X 7005 43,900 33,900 11.5 
X?005 41,450 32,900 8.0 
X7005 44 , 000 34,000 11.5 
X 7005 41,750 32 , 800 8.5 
X7005 43,200 33,900 9.5 
*One week a t  r o o m  temperature followed by 20 hrs.  at 320°F ' I  
for 6951 and 48 hrs, at 250°F for X7005. 
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F i g u r e  12 Top: Cross- Sec t ion  of #23 Brazing Shee t  (6951) Tens i le  Specimens 
Processed  w i t h  and I d e n t i c a l  t o  Panel  No. 1. 
Bottom: 
Processed  w i t h  Pane l  No. 2, 
the  Thickness  of t h e  Specimen, 
Cross- Sec t ion  of  X7005 Brazing Shee t  T e n s i l e  Specimen 
Mote S i l i c o n  D i f f u s i o n  through 1/3 
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Mag: l O O X  
Etchant :  2% HF 
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Figure 14 Panel No. 4 .  X7005 Faces and Core Clad with 
Core Type: 6-100x% np. The panel was s p l i t  
Braze Quality with X-Ray Inspection. 
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718 Brazing Alloy. 
open t o  correlate 
T e n s i l e  d a t a  from Panel  No. 4 a f t e r  p r o c e s s i n g  and  a g i n g  5 days 
a t  room tempera ture  and 48 h o u r s  a t  250°F are shown below: 
T e n s i l e  Y i e l d  S t r e n g t h  
S t r e n g t h  0.2% O f f s e t  P e r c e n t  
Specimen p s i  p s i  E longa t i o n  
1 43 , 400 34,100 10 
2 45,100 35 800 
3 44,700 35,900 
4 40,900 3 1 9.200 
11 
10 
6 
A f t e r  o b t a i n i n g  t h e s e  d a t a ,  Pane l  No. 3 (b razed  and  h e a t  t r e a t e d  
i d e n t i c a l l y )  w a s  s o l u t i o n  h e a t  t r e a t e d  by t h e  fo l lowing:  
20 minu te s  a t  800°F 
Withdraw from f u r n a c e  and  a i r  c o o l ,  age  5 days 
a t  room t empera tu re  p l u s  48 hour s  a t  250°F. 
T e n s i l e  d a t a  fo l low:  
Tens i I e 
S t r e n g t h  0.2% O f f s e t  Pe rcen t  
Y i e l d  S t r e n g t h  
E l o n g a t i o n  - Specimen - - p s i  
I 40,200 31 700 8.5 
2 
3 
38 , 300 
41,400 
30,500 6.5 
32 400 9 .O 
It  w a s  a p p a r e n t  from p a n e l s  No. 3 and No. 4 t h a t  X7005 w a s  
d e t r i m e n t a l l y  a f f e c t e d  by t h e  No. 718 a l l o y .  I n  p a r t i c u l a r  t h e  t h i n  f o i l  
o f  t h e  honeycomb c o r e  was p a r t l y  d i s s o l v e d .  
Pane l  No. 5_ 
The p a n e l  w a s  comprised o f  t h e  fo l lowing:  
Faces:  0.0401' t h i c k  X7005 s h e e t  c l a d  w i t h  4% 
- 
718 b r a z e  a l l o y ,  one s i d e .  
Core: X7005, t y p e  6-50 x %73 n , p . , u l t r a s o n i c a l l y  
welded. 
Nominal S i z e :  7" x 10" 
+ 
The panel  w a s  b razed  a t  1105" - 5"F,  f o r  6 minutes  and  a quenching  
ra te  r ang ing  froin 15f)"/min. a t  t h e  s t a r t  t o  czbout 75"/min. i n  t he  range  o f  
500°F was o b t a i n e d .  T h e r e a f t e r ,  i t  w a s  abou t  50"/min. t o  room t empera tu re .  
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A p r i n t  
o f  t h e  r ad iog raph  i s  shown i n  F i g u r e  15 . 
The pane l  was f u l l y  b razed  and  found t o  b e  f l a t  and ,  t h e r e f o r e ,  
thought  t o  be a c c e p t a b l e .  However, t h e r e  appea red  t o  be c rushed  c o r e  i n  t h e  
c e n t r a l  r e g i o n ,  even  though t h e  ce l l  w a l l s  a n d  nodes were obse rved  t o  be  
s t r a i g h t  and  uni form by t h e  X-ray p r i n t .  
Upon s e c t i o n i n g  t h e  pane l  i t  w a s  found t h a t  t h e  c o r e  r o o t s  were 
p a r t i a l l y  d i s s o l v e d  by t h e  b r a z i n g  a l l o y  d u r i n g  t h e  b r a z i n g  p r o c e s s .  
t h e  c o r e  c e l l  w a l l s  were n o t  e roded ,  and  good f i l l e t s  were o b t a i n e d  through-  
o u t .  Typ ica l  c o r e - t o- f a c e  a t t achmen t  i s  shown i n  F igu re  16. 
However, 
Compared w i t h  e a r l i e r  photomicrographs  o f  X7005 b r a z i n g  s h e e t ,  which 
w a s  b r azed  f o r  a 10-minute c y c l e ,  t h i s  pane l  b razed  w i t h  a 6-minute c y c l e ,  
ev idenced  l e s s  s i l i c o n  d i f f u s i o n  i n t o  t h e  f a c i n g  s h e e t s .  The t e n s i l e  d a t a  
below s u b s t a n t i a t e d  t h e  m i c r o s c o p i c  ev idence .  
Pane l  No. 5 a s  p roces sed ,  t hen  w a s  aged  5 days a t  room t empera tu re  
p l u s  48 h o u r s  a t  250°F. The fo l lowing  d a t a  were o b t a i n e d :  
T e n s i l e  Y i e l d  S t r e n g t h  
S t r e n g t h  0.2% O f f s e t  P e r c e n t  
3 e c i m e n  p s i  - p s i  E longa t i o  n 
1 . 43,600 37,200 6.0 
2 42 , 400 37,000 5 .O 
Brazing  and- 
Pane l s  No. 6 and No. 7 had f a c e s  o f  2024 and 2014, r e s p e c t i v e l y ,  
and  pu re  z i n c  f o i l  was t h e  b r a z i n g  a l l o y .  No p r o v i s i o n s  were made f o r  
f i x t u r i n g  and  t o o l i n g  t o  r e t a i n  shapes  o r  f l a t n e s s .  
The r e t o r t  and f u r n a c e  equipment a r e  shown i n  F i g u r e s  1 7  and  18 . 
The r e t o r t  w a s  b rought  t o  t h e  t empera tu re  o f  t h e  p r e - h e a t e d  fu rnace  
w i t h i n  15 minu te s  and  s t a b i l i z e d  a t  895" f 5°F w i t h i n  3 minu te s ,  fo l lowed 
by water quenching.  
Ths pane l s  a r e  shown a f t e r  b r a z i n g  i n  F igu re  19. The z i n c  (two 
l a y e r s  o f  0.002" f o i l  were used)  p e n e t r a t e d  t h e  2024, b u t  n o t  t h e  2014. 
Fol lowing  b r a z i n g ,  t h e  p a n e l s  were aged a t  t h e  a p p r o p r i a t e  t empera tu re  , 
t hen  t e n s i l e  coupons were machined from the  f a c e s  and  t e s t e d .  Bare 2014 . *  
and 2024 were h e a t  t r e a t e d  s i m i l a r l y  and c e s t e d  f o r  comparison. The d a t a  
are s h o m  i n  T a b l e  4.  
The  a d v e r s e  e E f e c t s  o f  pure  z i n c  a re  c l e a r l y  shown; however, t h e  
non-s tandard  h e a t  t r ea tmen t  may have c o n t r i b u t e d  t o  low s t r e n g t h  v a l u e s .  
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Figure 16 Cross- Sec t ion  of Core- to-Face J o i n t  Panel  No. 5 .  Note that 
t h e r e  was Less S i l i c o n  Diffusion than for P a n e l s  No. 3 & #nu 
NO. 4, F i g u r e  9, because of t he  S h o r t e r  Brazing Time Cycle. 
Mag8 1OOX 
Etchantt 2Y 
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F i g u r e  19 Panels No. 6 (2014) and No. 7 
No te Zinc pene Era tion through 
(2024) Brazed with pure Zfnc. 
the 2024 Face of the Panel, (No. 7). 
37 ’ 
Table 4 
Tens i l e  Data - Brazed Panels  
Panels No. 6 and No. 7 s o l u t i o n  hea t  t r e a t e d  by the braz ing  cyc le ,  
approximately 5 minutes a t  900°F, aged a s  follows: 
2024 - 9 h r s .  a t  375°F. 
2014 - 9 h r s .  a t  340"F, 
U.T.S. 
Specimen p s i  , 
2014-1 38,000 
2014-2 35 , 100 
2014-3 32 , 200 
2014-4 36,300 
2024-1 38,500 
2024-2 40 , 700 
2024-3 41,200 
2024-4 34,500 
Yie ld  S t r eng th  
0.2% O f f s e t  
p s i  
18,600 
18,300 
18,200 
18,250 
31,200 
31,800 
32,300 
32 , 600 
Per cen t 
E 1 onga t i  0" 
13 .O 
6.0 
4.5 
6 .O 
3 .O 
3.5 
3.5 
1 .o 
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Pane l  NO. 8 
R e t o r t  l ay- up  and  pane l  assembly were t h e  same a s  t h a t  d e s c r i b e d  f o r  
Panel  No. 5 . 
Panel  No. 8 was 1 squa re  f o o t  
i n  s i z e ,  w i t h  0.040" t h i c k  6061 f a c e s ,  6061 c o r e ,  and 0.010" t h i c k  #718 
b r a z i n g  a l l o y .  The b r a z i n g  schedi l le  w a s  10 minu te s  a t  1075" t o  1080°F. 
The pane l  was . c l e a n i n  appearmce and f l a t ,  
b u t  t h e  c o r e - t o- f a c e  b r a z e  w a s  u n s a t i s f a c t o r y .  
n o t  f u l l y  me l t ed  and  f i l l e t s  were s m a l l  o v e r  app rox ima te ly  one- ha l f  t h e  
pane l  ; t h e  o t h e r  h a l f  w a s  vo id .  No f u r t h e r  tes ts  were p lanned  on Panel  No. 8 
and  i t  w a s  n o t  a n t i c i p a t e d  t h a t  any more b r a z i n g  o f  6061 would be done w i t h  
t h e  718 a l l o y  because  t h e  p r o p e r  b r a z i n g  t empera tu re  would be too c l o s e  t o  
s o l i d u s  o f  6061. 
The b r a z i n g  a l l o y  s h e e t  w a s  
P a n e l s  No. 9 ,  No. L O  and  No. 11 
From t h e  d a t a  g i v e n  p r e v i o u s l y  f o r  X7005 and  6951, t h e  f o l l o w i n g  
minimum t e n s i l e  p r o p e r t i e s  could  be expec t ed  f o r  b razed  sandwich p a n e l s .  
(Note t h a t  they  a p p l y  s p e c i f i c a l l y  t o  0.040" t h i c k  s h e e t  b razed  w i t h  t h e  
s p e c i f i c  aluminum base  b r a z i n g  a l l o y ) .  
Pe rcen t  F t u  t Y  
F Braz ing  
Material . A1 1 oy - KSI - KSI E l o n g a t i o n  
X7005 A i r  Quench 718 38 32 5 
6951 A i r  Quench 714 30 25 3 
6951 B o i l i n g  Water Quench 714 36 3 1  4 
Small sandwich specimens o f  6061 and X7005 were b razed  i n  t h e  l ab-  
o r a t o r y  u s i n g  f l a t t e n e d  719 a l l o y  w i r e .  
a s chedu le  o f  10 minu te s  a t  1050°F would be s a t i s f a c t o r y  f o r  bo th  systems.  
The re  w a s  no ev idence  of  s i l i c o n  d i f f u s i o n  i n t o  X7005 o r  5061. 
i t  was thought  t h a t  t h e  719 a l l o y  would be a b e t t e r  cho ice  t h a n  718 f o r  
b r a z i n g  e i t h e r  6041 o r  X7005. There  w e r e  problems o f  a v a i l a b i l i t y ,  however. To t h a t  
Based on  m e t a l l o g r a p h i c  examinat ion ,  
Consequently,  
d a t e ,  t h e  719 a l l o y  t a d  been supplifd a s  w i r e  o n l y .  
To p rov ide  a d d i t i o n a l  c l a d  sys tems,  1/8" d i a .  wi res  o f  719 and  716, 
r e s p e c t i v e l y ,  were flame s p r a y  d e p o s i t e d  o n t o  s h e e t s  o f  X7005, X7006, X7106,, 
and  6C61. 
Small  specimens o f  t h e s e  m a t e r i a l s  were b razed  i n  t h e  l a b o r a t o r y  
fu rnace .  Mic roscop ic  examinat ion  i n d i c a t e d  less e f f e c t  ( d i f f u s i o n )  on 
t h e  s u b s t r a t e s  by b r a z i n g  a l l o y s  719 and 716, thaf ,  was shown f o r  t h e  718 a l l o y .  
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Panel  No. 9 
Var ious  sandwich f a c i n g  mate r i a l s  were f lame s p r a y  c o a t e d  w i t h  719 
b r a z i n g  a l l o y  from 0.003f1 t o  0.0051f t h i c k ,  and  assembled w i t h i n  a r e t o r t  
w i t h  two t y p e s  o f  c o r e  a s  shown i n  F i g u r e  20.  The b r a z i n g  c y c l e  f o r  t h i s  
pane l  was 1050" to  1060°F f o r  8 minu te s .  
The pane l  w a s  u n s a t i s f a c t o r y ,  hav ing  small  f i l l e t s  ove r  app rox ima te ly  
one- ha l f  o f  t h e  pane l  w i t h  t h e  o t h e r  h a l f  unbrazed.  
micrographs  o f  specimens from Panel  No. 9 iire shown i n  F i g u r e  21 .  Comparing 
t h i s  pane l  No. 9 w i t h  l a b o r a t o r y  specimens,  i t  w a s  concluded  t h a t  t h e r e  
had  been a n  i n s u f f i c i e n t  amount o f  b r a z i n g  a l l o y .  
R e p r e s e n t a t i v e  photo-  
Panel  N o . 2  
T h i s  pane l  w a s  s i m i l a r  t o  Panel  No. 9 e x c e p t  t h a t  t h e  b r a z i n g  a l l o y  
was 716. The b r a z i n g  schedule  was 1075 t o  1080 f o r  8 minu te s .  The b r a z e d  
pane l  was s i m i l a r  t o  No. 9 ,  mos t ly  small f i l l e t s  and  app rox ima te ly  one-hal-f 
o f  t h e  pane l  w a s  no t  b razed .  
F igu re  22 shows t y p i c a l  photomicrographs o f  specimens from Panel  
No. 10. 
Panel  No. 11 
Panel  No, 11 was one s q u a r e  f o o t  i n  s i z e  and was comprised o f  X7005 
and  X7106 f a c e s ,  X7905 c o r e  (6-80 x %"), and  719 b r a z i n g  a l l o y ,  f lame 
sprayed  o n t o  t h e  f a c i n g s  t o  a t h i c k n e s s  o f  O.OIO1 ' .  
The b raz ing  schedu le  w a s  1050°F f o r  10 minutes .  F i g u r e  23 S ~ O W S  a 
p o r t i o n  o f  t h e  r ad iog raph  and  F igu re  24 shows t h e  two edges  o f  t h e  pane l .  
Photomicrographs o f  c o r e - t o- f a c e  j o i n t s  a r e  shown i n  F i g u r e s  25 and  26 . 
S i n g l e  b r a z i n g  a l l o y  coa t ed  t e n s i l e  specimens o f  X7005 and  X7106 
were c u t  from t h e  f a c e s ,  aged  48 hour s  a t  250"F, and t e s t e d .  The d a t a  a r e  
g iven  below: 
Based on O r i g i n a l  Thickness  
UTS YS E longa t i o n  UTS YS 
KSI 
X7005 0.068" 39.3 33.0 4.5 42.5 36.6 
X7206 0.067" 33.4 25.1 2 .o 36.8 27.6 
-KSI -Specimen Gage ___ KSI Pe rcen t  
I d e n t i c a l  Specimens t h e n  were pos t- b raze  s o l u t i o n  h e a t  t r e a t e d  1 i o u r  
a t  900"F, a i r  quenched t o  room t empera tu re ,  and  aged  1 week a t  room 
t empera tu re ,  fo l lowed by 48 hour s  a t  250°F. 
The Eollowing d a t a  were o b t a i n e d :  
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Figure  20 Test Panel  Brazement. Brazing Alloy 719, 0.003" to 0.005" Thick 
Applied by Flame Spray ing  1/8" dia. Wire. 
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Figure 24 V i e w s  of Panel 
le t ing.  See Fi 
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F i g u r e  25 Cros s- Sec t ion  Photomicrograph of Core- to-Face Braze of a Specimen 
Sec t ioned  from Pane l  No. 11. The Core and Face w e r e  X7005. The 
Braz ing  Al loy  was 719 a p p l i e d  as 0.010’’ Coa t ing  by Flame Spraying. 
The Brazing Cycle  w a s  approximate ly  10 Minutes  a t  1050OF i n  an 
Atmosphere of Argon e 
Mag: lOOX 
.4 6 
8 
rl *. 
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Based on O r i g i n a l  Thickness  
UTS YS E longa t ion  UTS Y S  
KSI -KSI -Specimen Gape & - KSI Pe rcen t  
X7005 0.071" 38.9 34.2 3 
X7106 0.069" 40.0 36.0 5.5 
43.5 
44.5 
3 8 . 4  
40.2 
Pos t- b raze  h e a t  t r e a t m e n t  s i g n i f i c a n t l y  improved t h e  s t r e n g t h  o f  
X7106, bu t  on ly  modera t e ly  a f f e c t e d  X7005. Based on t h e  s t r e n g t h s  o f  t h e  
brazed  p a n e l s  r e p o r t e d  p r e v i o u s l y  and  on t h e  h e a t -  t r e a t  s t u d y ,  p o s t - b r a z e  
hka t  t r ea tmen t  a t  900"F, had no t  caused  s i g n i f i c a n t  d i f f u s i o n  o f  t h e  b r a z i n g  a l l o y s  
The quenching r a t e s  t h a t  would be ach ieved  i n  la rge  panel  b r a z i n g  
would be from 30" t o  50"F/min. These ra tes  a re  n e a r l y  a d e q u a t e  f o r  X7005 
( s e e  above - a s  b razed  versus p o s t - b r a z e d  h e a t  t r e a t m e n t ) ,  bu t  t oo  slow 
f o r  X7106. 
-- M e t a l l o g r a p h i c  Analyse? o f  Erazed  P a n e l s  
P o r t i o n s  o f  two brazed  sandwiches were s e n t  t o  t h e  Alcoa r e s e a r c h  
l a b o r a t o r i e s  f o r  t l ieir  examinat ion .  The specimens were s e c t i o n e d  from t h e  
f o l l o w i n g  two p a n e l s :  
Panel  No. 11 : X7005 and X7106 f a c e s ;  X7005 c o r e ,  0.008" t h i c k  
f o i l ;  and  719 b r a z i n g  a l l o y  b razed  a t  1050°F f o r  
t e n  minutes .  
Non-numbered pane l  - 2" x 2" x 0.6", p roces sed  w i t h  pane l  no. 10 
X7005 and X7106 f a c e s ,  X7005 c o r e ,  0.008" t h i c k  
f o i l ,  716 b r a z i n g  a l l o y  a p p l i e d  a s  O.OIOf l  t h i c k  s h e e t ,  
b r azed  a t  1080°F f o r  t e n  minu te s .  
Macrophotographs o f  t h e  two specimens,  shown i n  F i g u r e  2 7 ,  w e r e  
f u r n i s h e d  by M r .  T. L. Corey, Glcoa. 
It was e v i d e n t  t h a t  X7106 w a s  more a d v e r s e l y  a f f e c t e d  by both  b r a z i n g  
a l l o y s  t h a n  w a s  X7OO.5and therewas l i t t l e  d i f f e r e n c e  between t h e  two b r a z i n g  
a l l o y s .  
b u t ,  t h e  flame sp rayed  710 was r e t a i n e d  on  t h e  f a c e s .  The 0.010" 716 f i l l e r  
e x h i b i t e d  ' run-out '  t o  t h e  lower f a c e  o f  t h e  p a n e l .  
Also,  i t  was a p p a r e n t  t h a t  t h e  amount o f  b r a z i n g  a l l o y  was e x c e s s i v e ;  
4 8 
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Panel  Braz ing  a n d  T e n s i l e  Data Conclus ions  
A l loy  X7005 cou ld  be f l u x l e s s  brazed  w i t h  b r a z i n g  a l l o y s  718, 716, 
and 719. Nominal u l t i m a t e  and y i e l d  s t r e n g t h s  which cou ld  be expec t ed  from 
t h e  a s- b r a z e d  and aged  c o n d i t i o n  were 40,000 p s i  and  35,000 p s i ,  r e s p e c t i v e l y ,  
w i t h  5% e l o n g a t i o n .  
some e x t e n t  b u t  718 had t h e  most a d v e r s e  e f f e c t  on  t he  t h i n  X7005 c o r e  f o i l .  
X7005 c o r e  w a s  s u b s t a n t i a l l y  u n a f f e c t e d  by b r a z i n g  a l l o y  716 and  719. Al loy  
719 would be p r e f e r r e d  because  i t s  b r a z i n g  t empera tu re  w a s  lower  t han  t h a t  
o f  a l l o y  716. As a consequence t h e  b r a z i n g  t empera tu re  r ange  would be 
b roade r  and  easier t o  c o n t r o l  when' b r a z i n g  large  p a r t s .  
A l l  o f  t h e s e  b r a z i n g  a l l o y s  d i f f u s e d  i n t o  X7005 t o  
A l loy  7106 could  be f l u x l e s s  brazed  w i t h  b r a z i n g  a l l o y s  716 and 719. 
Al loy  719 would be p r e f e r r e d  because  i t s  b r a z i n g  t empera tu re  w a s  abou t  45°F 
below t h e  s o l i d u s  o f  X7106. Braz ing  a l l o y  716 b razed  a t  5" t o  10" below t h e  
s o l i d u s  o f  X7106. Both 716 and  719 d i f f u s e d  i n t o  and  a d v e r s e l y  a f f e c t  t h e  
a l l o y  X7106. N e v e r t h e l e s s ,  X7106 s h e e r  b razed  w i t h  e i t h e r  716 o r  719 cou ld  
deve lop  nominal u l t i m a t e  and  y i e l d  s t r e n g t h s  of  50,000 p s i  and 40,000 p s i ,  
re spec  t i v e  1 y , w i  t ti 672 e l o  nga t i o  TI. 
The quenching rate o f  X7106 should  be  f a s t e r  t han  t h a t  o f  X7005. 
High s t r e n g t h s  were o b t a i n e d  o n l y  when b razed  X7106 p a n e l s  were p o e t  braze  
h e a t  t r e a t e d .  
A l l o y s  6951 and 6061 were s u b s t a n t i a l l y  u n a f f e c t e d  by any  o f  t h e  
b r a z i n g  a l l o y s ,  excep t  t h a t  6061 r e q u i r e s  a b r a z i n g  t empera tu re  lower t han  
1100°F. The approved minimum u l t i m a t e  and y i e l d  s t r e n g t h s  were o b t a i n e d  
when t h e s e  a l l o y s  were water quenched and aged .  
reduced .  
However, e l o n g a t i o n s  w e r e  
The e x p e r i e n c e  i n  b r a z i n g  large p a n e l s  w i t h  some o f  t h e  above metal 
sys tems i s  p r e s e n t e d  i n  Volume 11. During t h e  second y e a r  o f  t h e  c o n t r a c t ,  
b r a z i n g  a l l o y  No. 719 was o b t a i n e d  a s  f o i l  and  e v a l u a t e d .  I n  a d d i t i o n ,  a 
z inc- base  a l l o y  f o i l  w a s  e v a l u a t e d  and b r a z i n g  a l l o y  f o i l s  w e r e  r o l l  c l a d  
o n t o  X7005. The d i s c u s s i o n  o f  t h a t  work i s  p r e s e n t e d  i n  t h e  nex t  s e c t i o n .  
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*Work done a t  t h e  BatCel le  Memorial. I n s t i t u t e ,  Columbus, Ohio. 
2.3 MATERIALS AND PROCESSES OPTIMIZATION 
2.3.1 The No. 719 Alloy 
A 50 lb .  cas t  i n g o t  o f  t h e  No. 719 a l l o y  w a s  sawed i n t o  f o u r  s l a b s  
measur ing  app rox ima te ly  1" x 4" x 30" and r o l l e d  to 0.005rr f o i l . *  
The 0,005" f o i l  w a s  u sed  t o  b r a z e  s m a l l  sandwich specimens hav ing  
.062" X7106 f a c e s  and  No. 22 b r a z i n g  s h e e t  c o r e ,  type  6-100 x .6*? and  6-50 
x .6". A t  a b r a z i n g  t empera tu re  o f  1050°F and  a t i m e  o f  15 min. a t  t empera tu re ,  
e x c e l l e n t  a p p e a r i n g  b r a z e s  were made. I n  a d d i t i o n ,  f u l l  node f low and c o r e  
node j o i n i n g  was observed .  Three s e p a r a t e  sandwiches hav ing  6-100 x .6" c o r e  
were t e s t e d  i n  f l a t w i s e  t e n s i o n  and  t h e  r e s u l t s  a r e  r e p o r t e d  below: 
F l a  t w i s e  
Specimen T e n s i l e  S t r e n g t h  
Numbe r p s i  
F a i l u r e  
Mode 
T- 719-1 490 50% Core Tea r  
T-719-2 
T-719-3 
770 
800 
100% Core T e a r  
50% Core T e a r  
These d a t a  show t h a t  t h e  b r a z e  w a s  e q u a l  i n  s t r e n g t h  t s  t h e  core. 
S e c t i o n s  o f  one o f  t h e  sandwiches a r e  shown i n  F igu re  28 . Note 
t h e  u n i f o r m i t y  o f  f i l l e t i n g  and f u l l  node flow. 
F igu re  28, r i g h t ,  a g a i n  shows t h e  e x t e n t  o f  d i f f u s i o n  e f f e c t  o f  No. 719 on 
X7106. 
The photomacrograph, 
The d i f f u s i o n  of  c o n s t i t u e n t s  o f  t h e  No. 719 b r a z i n g  a l l o y  i n t o  
X7106 w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  whether  t h e  b r a z i n g  a l l o y  was p l aced  
a s  C.0051r t h i c k  f o i l ,  o r  flame sp rayed  o n t o  t h e  f a c i n g  s h e e t .  
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P r i o r  t o  t h e  work r e p o r t e d  below, t h e  t h i n n e s t  honeycomb c o r e  f o i l  
which had been b r a z e d  on t h i s  program was 0.008" t h i c k .  That  f o i l  f a b r i c a t e d  
i n t o  hexagonal  c e l l  honeycomb c o r e  318" c e l l  s i z e  had a c o r e  d e n s i t y  o f  8.4 
pounds p e r  c u b i c  f o o t .  The d e c i s i o n  w a s  made t h a t  a lower d e n s i t y  c o r e  
would be s e l e c t e d  fo r  t h e  Phase I1 b r a z i n g  and  t e s t i n g  program. Alloy 
X7005 w a s  p rocu red  and r o l l e d  t o  a t h i c k n e s s  o f  0.0054". That  f o i l  f a b r i c a t e d  
i n t o  318" c e l l  s i z e  honeycomb c o r e  had a d e n s i t y  o f  6.2 pounds p e r  c u b i c  
f o o t .  
The s e l e c t e d  b r a z i n g  a l l o y  w a s  No. '719, a v a i l a b l e  a s  0.005" t h i c k  
f o i l  i n  2" wide s t r i p s .  There  w a s  a q u e s t i o n  whether  t h a t  t h i c k n e s s  of  
b r a z i n g  a l l o y  cou ld  be u sed  t o  b r a z e  t h e  t h i n  X7005 c o r e  f o i l  w i t h o u t  
d i s s o l v i n g  i t .  Consequently,  a n o t h e r  se r ies  o f  l a b o r a t o r y  tes ts  were 
conducted and they  a r e  d e s c r i b e d  below. 
Sandwich specimens were b razed  i n  t h e  l a b o r a t o r y  u s i n g  t h e  
d e s c r i b e d  c o r e ,  X7005 f a c e s  and  t h e  No. 719 b r a z i n g  a l l o y  0.005" t h i c k .  
One group o f  specimens had b r a z i n g  a l l o y  p l a c e d  o n l y  on t h e  t o p  s i d e  o f  
t h e  c o r e ;  t h e  o t h e r  group had b r a z i n g  a l l o y  on t h s  t o p  and  bottom. The 
b r a z i n g  c y c l e  was 10 minu te s  a t  1050°F i n  d n  a r g o n  atmosphere.  Both 
groups  were w e l l  b razed  and  t h e  0.005" t h i c k  X7005 honeycomb c o r e  f o i l  
w a s  n o t  d i s s o l v e d  by t h e  No. 719 b r a z i n g  a l l o y .  Macro and micro  photographs  
o f  b razed  specimens are  shown i n  F i g u r e s  29 and  30 . 
A s i m i l a r  series o f  t e s t s  w a s  conducted u s i n g  magnesium t o  promote 
b r a z i n g  a l l o y  flow.* Magnesium w a s  a p p l i e d  t o  t h e  b r a z i n g  a l l o y  f o i l  by 
g a l l i n g  a s  i s  d e s c r i b e d  subsequen t ly .  F i g u r e  3 1  shows a n  example o f  t h e  
ve ry  l a r g e  f i l l e t s  which r e s u l t e d  from t h e  magnesium a d d i t i o n  when t h e  
b r a z i n g  a l l o y  was p l a c e d  on t h e  t o p  and  bottom o f  t h e  co re .  F i g u r e  32 shows a 
lower f i l l e t  which r e s u l t e d  from t h e  magnesium c o a t e d  b r a z i n g  a l l o y  placement  
a t  t h e  t o p  on ly .  While magnesium d i d  promote b r a z i n g  a l l o y  f l ow and  w e t t i n g ,  
i t  had t h e  d i sadvan tage  o f  caus ing  l o c a l  e r o s i o n  o f  t h e  honeycomb c o r e  
f o i l  a t  t h e  t o p  s i d e  o f  t h e  sandwich c o r e  b l a n k e t .  
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Figure  32 - The lower f i l l e t  of a py brazed X7005 sandwich 
having magnesium coat No, 719 filler p l a c e d  
on only the  top s i d e  of t h e  sandwich core, Mag: lOOX 
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Because o f  t h e  s u c c e s s  i n  b r a z i n g  w i t h o u t  f l u x  o r  f low promoters  and  
because  t h e  magnesium promoter  made t h e  b r a z i n g  a l l o y  a g g r e s s i v e ,  t h e  large 
pane l  brazements  (Volume 11) were b razed  w i t h o u t  any added  f low promoter .  
I n  a d d i t i o n ,  b r a z i n g  a l l o y  placement on t h e  t o p  and  bottom o f  t h e  sandwich 
was s e l e c t e d  f o r  t h e  large  pane l  brazements ,  because  i t  w a s  expec t ed  t o  o f f e r  
g r e a t e r  a s s u r a n c e  o f  a s u c c e s s f u l  b raze .  
2.3.2 R o l l  - Ciad Braz ing  Alloys 
M e t a l s  and  C o n t r o l s  D i v i s i o n  o f  Texas I n s t r u m e n t s ,  A t t l e b o r o ,  Mass., 
was s e l e c t e d  t o  r o l l  c l a d  s h e e t  k r a z i n g  a l l o y s  o n t o  X7005 s h e e t .  B raz ing  
a l l o y s  and  X7005 w e r e  s t r i p s  approximate ly  2" wide x 30" long.  
Two l a y e r s  o f  0.005" t h i c k  f o i l  o f  80 Zn-20A1+0.05Be w e r e  c o l d  r o l l  
c l a d  o n t o  X7005 and  one l a y e r  o f  0.010" No. 716 a l l o y  was c l a d  o n t o  a n o t h e r  
s h e e t  o f  X7005. The b r a z i n g  a l l o y  t h i c k n e s s  was reduced  t o  app rox ima te ly  
0.006" d u r i n g  t h e  r o l l  c l a d d i n g .  
Braz ing  t e s t s  were conducted o n  small  sandwich specimens i n  t h e  l ab-  
o r a t o r y  f u r n z c e  i n  a n  a tmosphere  o f  a rgon  a s  d e s c r i b e d  p r e v i o u s l y .  The 
80Zn-20A1+0.05Ee c l a d  X7005 w a s  b razed  a t  t empera tu re s  between 930' and 
970°F. Eoth 6951 and X7005 c o r e  were used .  The b r a z i n g  a l l o y  me l t ed  a t  
930" b n t  d i d  n o t  f i l l e t .  A t  9 7 Q 0 ,  b o t h  f low and  f i l l e t i n g  were o b t a i n e d ,  
bu t  u n i f o r m i t y  was poor.  The c l a d  b r a z i n g  a l l o y  s a t i s f a c t o r i l y  wet: and  
adhe red  t o  t h e  X7005 f a c e s ,  but  X7005 co re  was n o t  w e t  a s  w e l l  a s  gas t h e  
6951 c o r e .  Gene ra l ly ,  non-uniform f i l l e t i n g  was o b t a i n e d  a n d  t h e  f i l l e t i n g  
appea red  t o  occu r ,  p r i m a r i l y ,  a s  a r e s u l t  o f  t h e  run-down from t h e  upper  
f ace .  
S i m i l a r  tes ts  were conducted u s i n g  t h e  No. 716 c l a d  X7005 b razed  
i n  t h e  range  o f  1060" t o  1100°F. The No. 716 a l l o y  r e a d i l y  w e t  and f i l l e t e c !  
bo th  6951 and  X7005 c o r e  a t  a l l  t empera tu re s  t e s t e d .  
Both cf t h e  c l a d  a l l o y  sys tems were b razed  as  l a r g e r  specimens as 
d i s c u s s e d  i n  t h e  n e x t  s e c t i o n .  
Subsequent ly ,  t h e  No. 719 a l l o y  became a v a i l a b l e  in t h e  form o f  
C.005rf t h i c k  f o i l .  Metals and C o n t r o l s  D i v i s i o n  was r e q u e s t e d  t o  unde r t ake  
f u r t h e r  c o l d  r o l l i n g  t e s t s  on bo th  t h e  No. 716 a l l o y  and t h e  No. 719 a l l o y  
w i t h  t h e  a i m  o f  c l a d d i n g  honeycomb c o r e  f o i l s .  
dec l i I led  to quo te  on t h e  work because o f  t h e i r  e x c e s s i v e  work load .  
Metals and  C o n t r o l s  D i v i s i o n  
Because 
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o f  t iming  and  o t h e r  r equ i r emen t s  o f  t h e  program, i t  w a s  n o t  cons ide red  
d e s i r a b l e  t o  deve lop  a n o t h e r  s o u r c e  f o r  t he  r o l l  c l a d d i n g  and  no more 
c l a d d i n g  was done; a l t h o u g h ,  b r a z e  c l a d  s u b s t r a t e s  were shown t o  be f a r  
s u p e r i o r  t o  o t h e r  methods o f  p l a c i n g  a l l o y s  w i t h  r e s p e c t  t o  o v e r a l l  b r aze -  
a b i l i t y  and c o r e  node f low i n  p a r t i c u l a r .  
Based on  t h e  r e s u l t s  o f  t h e  b r a z i n g  t e s t e  u s i n g  c l a d  b r a z i n g  a l l o y  
c o a t i n g  (as r e p o r t e d  above and i n  t h e  nex t  s e c t i o n ) ,  t h e  two most s i g n i f i c a n t  
observat ions were: (1) b r a z i n g  a l l o y s  'can be c o l d  r o l l  c l a d  o n t o  s t r u c t u r a l  
aluminum a l l o y s ;  and  (2) e f f e c t i v e  f i u x l e s s  aluminurn honeycomb sandwich 
b r a z i n g  can be accompl ished  w i t h  o n l y  t h e  c o r e  f o i l  c l a d  w i t h  t h e  b r a z i n g  
a l l o y .  I n  a d d i t i o n ,  f u l l  node f l ow and  node j o i n t  b r a z e s  can  be expec t ed  
i n  t h e  co re  b l a n k e t s  having  b r a z i n g  a l l o y  c l a d  c o r e  f o i l s .  These f a c t o r s  
would make procurement and t e s t i n g  o f  expe r imen ta l  aluminum b r a z i n g  a l l o y s  more 
economical  and  t h e  system woulJnot-be - s i z e  l i m i t e d ,  t h u s  i t  l e n d s  i t s e l f  t o  
sca l e- up .  Only a s m a l l  m i l l m u l d  be r e q u i r e d  t o  c l a d  t h e  c o r e  f o i l ,  whereas 
l a r g e  p r o d u c t i o n  equipment would be  r e q u i r e d  t o  c l a d  sandwich f a c i n g s .  
Moreover, t h e  i n g o t  c l a d d i n g  method a s e d  by t h e  s luminup mills i s  no t  
s a t i s f a c t o r y  f o r  a l l o y s  No. 719, No. 716 and o t h e r  e x p e r i n e n t a l  b r a z i n g  
a l l o y s ;  b u t )  c o l d  r o l l  claddingcould- b e  adopted  €o r  c l a d d i n g  aluminum 
f o i l s  i n  s m a l l  l o t s .  
2 . 3 . 3  Powdered Braz ing  A l l o y s  
Braz ing  a l l o y s  No. 719 and  53 .OA1-45 .OGe-l.5Si were powdered by 
f i l i n g .  
X7005 sandwich specimens,  bu t  d i d  no t  f i l l e t .  The t empera tu re s  u sed  were 
1050°F f o r  t h e  No. 719 a l l o y  and 1000°F f o r  t h e  Al-Ge-Si a l l o y .  O t h e r  
expe r imen ta l  a l l o y s  d i s c u s s e d  w i t h i n  a l s o  were t e s t e d  i n  t h e  pcwdered form. 
Without f l u x ,  t h e  powdered a l l o y s  d i d  no t  coal .esce and  f low t o  form f i l l e t s .  
Some d i d  w e t  t h e  s u b s t r a t e  and f low under  a f i l m  o f  ox ide ,  b u t  they  d i d  n o t  
r e a d i l y  w e t  t h e  a d j a c e n t  aluminum a l l o y  ( co re )  no r  form f i l l e t s .  
Both o f  t h e  powdered a l l o y s  r e a d i l y  w e t  and  f lowed on the  f a c e s  o f  
The No. 719 powdered a l l o y  was p r e s s e d  t o  form small s h e e t s ,  t h e n  
used  t o  b raze  X7005 sandwich specimens a t  1050°F. 
were improved ove r  t h a t  o b t a i n e d  w i t h  l oose  powder. To make l a rger  b r a z i n g  
Wet t ing  and  f i l l e t i n g  
a l l o y  s h e e t s ,  No. 719 powder w a s  p r e s s e d  between two f i l m s  o f  0.0005'1 1 ,  
aluminum f o i l .  Braz ing  w i t h  t h a t  composi te  a l l o y  was s u c c e s s f u l ,  bu: t h e  
addi t ic jn  o f  pu re  aluminum f o i l  r a i s e d  t h e  b r a z i n g  t empera tu re  from 1050" 
to 1080°F. 
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F u r t h e r  b t a z i n g  t e s t s  o f  t h e  powdered No. 719 a l l o y  a r e  p r e s e n t e d  
i n  t h e  nex t  s e c t i o n .  
2.3.4 Magnesium, A s  A Brazing  Flow Promoter  
During t h e  p r e l i m i n a r y  i n v e s t i g a t i o n s  i t  w a s  demonst ra ted  t h a t  
magnesium s i g n i f i c a n t l y  i n f l u e n c e d  and improved t h e  f low and w e t t a b i l i t y  o f  
A I - S i  b r a z i n g  a l l o y s  on aluminum. 
f a c e s  by p a i n t i n g  a suspens ion  o f  magnesium powder i n  a s u i t a b l e  b i n d e r .  
However, adequa te  c o n t r o l  o f  t h e  p r o c e s s  proved d i f f i c u l t .  
magnesium w a s  p r e s e n t ,  t h e  b r a z i n g  a l l o y  became a g g r e s s i v e  and  d i s s o l v e d  
t h e  t h i n  honeycomb c o r e  f o i l .  
t h e  f l a t  sandwich pane l  b r a z i n g  and t e s t i n g  program (Volume 11). 
concludad t h a t  t h e  Al-Si b r a z i n g  a l l o y s ,  and  t h e  No. 719 b r a z i n g  a l l o y  i n  
p a r t i c u l a r ,  w e t  aluminum a d e q u a t e l y  w i thou t  any  promoters .  
Magnesium w a s  a p p l i e d  to  sandwich pane l  
I f  too  much 
For t h a t  r ea son ,  magnesium w a s  n o t  u sed  on  
It w a s  
Another  series of b r a z i n g  t e s t s  were  performed i n  a n  a t t e m p t  t o  
o b t a i n  t h e  b e n e f i t s  o f  magnesium w h i l e  d e c r e a s i n g  i t s  aggressive c h a r a c t e r i s -  
t ics.  Aluminum powder, -600 mesh, was mixed w i t h  t h e  magnesium powder i r ,  
t h e  f o l l o w i n g  r a t i o s  by weight :  
2 Mg: 141 
3 Mg: 1 A i  
4 Mg: 1 A l  
5 Elg: l A l  
Aluminum a d d i t i o n s  dec reased  t h e  a g g r e s s i v e  c h a r a c t e r i s t i c s ,  b u t  
none o f  t he  compos i t i ons  gave s a t i s f a c t o r y  brazements  and  w e t t i n g  and  f low 
were r e t a r d e d .  
I n  o t h e r  t e s t s ,  honeycomb sandwich f a c e  s h e e t s  and c o r e  o f  X7005 
were c o a t e d  w i t h  magnesium by vacuum vapor  d e p o s i t i o n  i n  a n  evacua ted  b e l l  
j a r .  S e v e r a l  small s t r i p s  o f  nagnesium f o i i ,  0.004ff x @ f  x 1" were 
suspended on a h e a t i n g  element  which w a s  o p e r a t e d  a t  2000°F. 
specimens were suspended above t h e  h e a t i n g  elemenr; a t  a d i s t a n c e  of 10" 
and a t  ambient  t empera tu re .  
o b t a i n e d .  
Aluminum 
Br igh t  c o a t i n g s  w i t h  a b l u i s h  t i n t  were 
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Braz ing  t e s t s  on t h e  magnesium c o a t e d  aluminuln were u n s u c c e s s f u l .  
The a l l o y s  u sed  were No. 719, No. 716 and  80Zn-20Al+O.O5Be. The b r a z i n g  
a l l o y s  were r e p e l l e d  from t h e  magnesium c o a t e d  s u r f a c e s  t o  a r e a s  o f  b a r e  
a luminurn. 
Another s e r i e s  o f  tes ts  were conducted  u s i n g  l o n g e r  c o a t i n g  
d u r a t i o n s  and  h i g h e r  e lement  t empera tu re s .  
O p e r a t i n g  c o n d i t i o n s  w e r e  t h e  fo l lowing :  
a )  Vacuum: t e t t e r  t h a n  0 . 1 ~  
b) Hea t ing  Element: t an t a lum f o i l  o p e r a t e d  a t  3500°F 
c )  Time: 3 t o  5 minu te s  
d) Magnesium: 0.5 gm .005" f o i l  
Gray a p p e a r i n g  c o a t i n g s  were d e p o s i t e d  o n t o  aluminum s u b s t r a t e s  
The c o a t i n g s  gave a n  ( f a c e  and co re )  arid o n t o  z i n c  and Zn- al loy  f o i l s .  
i n d i c a t l o n  f o r  magnesium i n  HNO 3 '  
During t e s t s  on b r a z i n g  aluminum w i t h  z i n c  f o i l s ,  t h e  magnesium 
c o a t i n g s  appeared  t o  n e i t h e r  a i d  no r  s u r p r e s s  z i n c  b r a z i n g .  I n  a n o t h e r  t e s t ,  
two X7005 specimens were brazed  w i t h  t h e  No. 719 a l l o y ;  one X7005 sample w a s  
b a r e ,  t h e  o t h e r  had a magnesium c o a t i n g .  
bo th  were w e t  by t h e  No. 719 a l l o y .  
Both behaved i d e n t i c a l l y  and 
Another  se r ies  o f  t es t s  w e r e  conducted on magnesium c o a t i n g s .  
I n  t h e s e  t e s t s ,  magnesium w a s  g a l l e d  o n t o  X7005 aluminum s h e e t  by s imply  
rubbing  a s o f t ,  pure  magnesium r o d  over  the  s u r f a c e  o f  t h e  c l e a n  aluminum 
a l l o y  s h e e t .  Shee t ,  c o a t e d  i n  t h a t  manner, and  b a r e  s h e e t ,  were used  a s  
s u b s t r a t e s  f o r  f l ow  tes ts  o f  t h e  No. 719 b r a z i n g  a l l o y  f o i l  and  w i r e .  
L i t t l e  d i f f e r e n c e  w a s  n o t e d  i n  b r a z i n g  a l l o y  f low from 1/8" d i ame te r  
No. 719 w i r e ,  bu t  t h e  0.005" No. 719 f o i l  appea red  t o  w e t  t h e  magnesium 
c o a t e d  aluminum s h e e t  b e t t e r  t h a n  b a r e  s h e e t .  Smal l  sandwich specimens 
o f  X7005, w i t h  t h e  magnesium c o a t e d  f a c i n g  s h e e t s  showed s i g n i f i c a n t  
improvements i n  b r a z i n g  a l l o y  flow and f i l l e t i n g  c h a r a c t e r i s t i c s ,  however 
e r o s i o n  o f  t h e  c o r e  occu r r ed .  
A d d i t i o n a l  i n v e s t i g z t i o n s  on magnesium a r e  r e p o r t e d  i n  S e c t i o n  3", 
Brazing  Al loy  Development. 
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2.3.5 SandwIich E r a z i n g  Tes ts  
The p r e v i o u s  s e c t i o n  d e s c r i b e d  c o l d  r o l l  c l a d d i n g  of two b r a z i n g  
a l l o y s  o n t o  X7005. They were t h e  No. 716 a l l o y  c l a d  o n t o  X7005 and  a n  
expe r imen ta l  Zn-Al-Be a l l o y  c l a d  o n t o  X70O5 I n  a d d i t i o n ,  honeycomb c o r e  
w a s  f a b r i c a t e d  from commerical ly a v a i l a b l e  No. 22 b r a z i n g  sheet*, t ype  6-100. 
Another  honeycomb c o r e  which w a s  a v a i l a b l e  was X7005 ( b a r e  material) ,  t ype  
6-80. These materials  a n d  o t h e r s  were used  f o r  t h e  sandwich brazements  
d e s c r i b e d  below. 
Braz ing  Pa rame te r s  and  Materials  Combinat ions 
R e t o r t  1 - Aluminum Al loy  3003,  c o n t a i n i n g  t h e  f o l l o w i n g  sandwiches: 
(1) .O4OtT X7005 f a c e s  c l a d  w i t h  No. 716 a l l o y ,  X7005 c o r e ,  
6-80 x % 
( 2 )  
( 3 )  .040T' X7005 faces,  N o .  719 a l l o y . p o w d e r  p r e s s e d  between 
Same e x c e p t  t h a t  on ly  t h e  t o p  f a c e  had b r a z i n g  a l l o y  
aluminum f o i l ,  X7005 c o r e ,  6-80 x S 
The r e t o r t  w a s  p o s i t i o n e d  between Two h a l v e s  o f  a n  e g g- c r a t e  type  
s t a i n l e s s  s tee l  f i x t u r e .  Purg ing  w a s  done by e v a c u a t i n g  and  back f i l l t n g  
w i t h  a rgon  through t e n  c y c l e s .  For  t h e  b r a z i n g  c y c l e ,  t h e  a r g o n  p r e s s u r e  
w i t h i n  t h e  r e t o r t  w a s  a d j u s t e d  t o  provide  a n  a tmosphe r i c  clamping p r e s s u r e  
o f  0.2 p s i .  
The b r a z i n g  t empera tu re  v7as 1070"F, fo l lowed  by water  quenching.  
Quenching was done by submersion u s i n g  t h e  bottom-drop fu rnace  and  w a t e r  
t ank ,  a s  p r e v i o u s l y  d e s c r i b e d .  
R e t o r t  2 - Aluminum Al loy  3003, c o n t a i n i n g  t h e  fo l lowing  sandwich 
specimens: 
(1) X7005 f a c e s  c l a d  w i t h  80Zn-20A1+0.05Be, 6951 c o r e ,  6-80 x k 
(2) Same, except  t h a t  t h e  b r a z i n g  a l l o y  was s e p a r a t e  f o i l ,  
. 00 6" t h i  c k . 
(3) X7005 f a c e s ,  6951 c o r e ,  6-80 x %, and s e p a r a t e l y  p l aced  
b r a z i n g  f o i l  comprised o f  .@02'! Zn a n d  .095" Mg. 
Purging  and  back f i l l i n g  were done a s  d e s c r i b e d  above excep t  t h a t  
c lamping p r e s s u r e  was a d j u s t e d  t o  0.5 p s i .  
between two h a l v e s  of  a n  e g g- c r a t e  t ype  f i x t u r e  c o n s t r u c t e d  o f  ? T r a n s i t e f .  , I  
The b r a z i n g  t empera tu re  w a s  970'F fo l lowed by w a t e r  quenchipg,  a s  desc r ibed .  
The r e t o r t  was p o s i t i o n e d  
*6951 c l a d  b o t h  s i d e s  w i th  t he  No. 713 a l l o y  
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. ,  
R e t o r t  3 - Aluminum Al loy  3003, c o n t a i n i n g  t h e  fo l lowing  sandwich 
specimens: 
(1) .040" X700.5 f a c e s ,  b a r e ,  Core, Braz ing  Shee t  No. 22,  type  
6-100 x 0.6" 
(2)  .040fr X7005 f a c e s ,  c l a d  w i t h  No. 716 a l l o y ,  Core, same a s  (1) 
(3)  ,040" X7005 f a c e s ,  b r a z i n g  a l l o y :  .003" No. 718 and .002" 
Zn, Core, same a s  (1) 
( 4 )  .040" X7005 f a c e s ,  b r a z i n g  a l l o y :  .003" No. 718 and .001" 
Cu, Core, same a s  (1) 
The b r a z i n g  tempera ture  w a s  1080" - 1040°F.  
Atmospheric  clamping p r e s s u r e  on t h e  p a n e l  w a s  0.4 p s i .  Fol lowing  
b r a z i n g ,  t h e  r e t o r t  was quenched i n t o  l i q u i d  n i t r o g e n .  However, p r i o r  t o  
quenching t h e  r e t o r t ,  b u t  a f t e r  t h e  b r a z i n g  c y c l e  w a s  completed,  t h e  g a s  
and vacuum t u b e s  i n a d v e r t e n t l y  were p u l i e d  o f f  r h e  r e t o r t .  Consequently,  
t h e  p a n e l s  were t o t a l l y  u n r a s t r a i n e d  and had no clamping p r e s s u r e  d u r i n g  
t h e  quench. 
R e t o r t  4 - Carbon S t e e l ,  c o n t a i n i n g  t h e  Eollowing safidwich specimens: 
(1) 0.060:' X7005 f a c e s ,  b a r e ,  Core, E raz ing  Shee t  No. 22 ,  t y p e  
6-100 x 0.6" 
(2) 0.040" X7005 f a c e s ,  w i t h  .003" No. 718 a l l o y ,  Core, same as  (I) 
The b r a z i n g  t empera tu re  w a s  1080" t o  1090°F and t h e  a tmosphe r i c  
clamping p r e s s u r e  was 0.4 p s i .  The r e t o r t  w a s  quenched i n t o  l i q u i d  n i t r o g e n .  
R e t o r t  5 - Carbon SCeel ,  c o n t a i n i n g  t h e  f o l l o w i n g  sandwich specimens:  
( 1 )  0.060" X7005 f a c e s ,  b a r e ,  Core, Braz ing  Shee t  No. 22,  t y p e  
6-100 x 0.6" 
' ( 2 )  0.060" X7005 f a c e s ,  ba re ,  0.003r1 No. 718 a l l o y  added,  Core, 
same a s  (1) 
The b r a z i n g  t empera tu re  w a s  1110" t o  1120°F and t h e  a tmosphe r i c  
clamping p r e s s u r e  was 0.5". The r e t o r t  w a s  quenched i n t o  l i q u i d  n i t r o g e n ,  
PIC_. R e t o r t  6 - Carbon S t e e l ,  c o n t a i n i n g  sandwich specimens i d e n t i c a l  to 
t hose  i n  R e t o r t  No. 5. 
T h e -b r a z i n g  t empera tu re  w a s  1090°F and  t h e  a tmosphe r i c  clamping 
p r e s s u r e  du r lng  b r a z i n g  was 0.3 p s i .  The r e t o r t  vas a i r  quenched. 
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D i s c u s s i o n  of  Brazed P a n e l s  
The p a n e l s  w i t h i n  r e t o r t  No. 1 were p o o r l y  b razed  owing t o  atmos- 
p h e r i c  con tamina t ion .  However, t h e  p a n e l  w i t h  powdered No. 719 b r a z i n g  a l l o y  
w a s  p a r t i a l l y  we l l- brazed  and had l a r g e  f i l l e t s .  
R e t o r t  No. 2 a l s o  had  a tmospher i c  c o n t a m i n a t i o n  and t h e  p a n e l s  were 
no t  w e l l  b razed.  F i g u r e  33 shows a s e c t i o n  of  t h e  p a n e l  which had X7005 f a c e s  
c l a d  w i t h  80Zn-20A1-0.05 Be.  Some f i l l e t i n g  o c c u r r e d  o n  t h e  bottom f a c e  as 
shown m e t a l l o g r a p h i c a l l y  i n  F i g u r e  33.  Note t h a t  p e n e t r a t i o n  of t h i s  z i n c  
a l l o y  i i l to  X7005 w a s  l i m i t e d  t o  about  0.002". 
The w e t t i n g  a i d  p r o v i d e d  by magnesium t o  z i n c  w a s  e v i d e n t  i n  t h e  
p a n e l  where a l a m i n a t i o n  of magnesium f o i l  and z i n c  f o i l  was used  as t h e  
b r a z i n g  a l l o y .  
t h e  b r a z i n g  a l l o y  ad'nered t o  t h e  c o r e .  
A f t e r  f o r c i b l y  removing one f a c e  of  t h e  sandwich, much of  
U n f o r t u n a t e l y ,  t h i s  Mg-Zn a l l o y  w a s  
b r i t t l e .  
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Figure 33 Cross Scctiun l?hoto.nicrograph of Core Nude-to-Face Joint for 
Sandwich Panel from Retort No, 2.  Faces were X7005 Clad with 
a Zn-AI-Be Alloy. Core \'as X7005. 
Mag. lOOX 
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A l l  of t h e  p a n e l s  i n  r e t o r t  No. 3 were w e l l  b razed  having  good facc -  
t o- co re  f i l l e t s  and n e a r l y  f u l l  node b raze .  F igu re  34 shows a s e c t i o n  of t i i t .  
pane l  which had h a r e  X7005 faces and core f a b r i c a t e d  from No. 22 Brazing 
Shee t .  A c r o s s  s e c t i o n  photomicrograph o f  a co re  node-Eo-face j o i n t  is 
shown i n  F igure  35. 
A s e c t i o n  o f  t he  panel  w i t h  f a c e s  comprised of X7005 w i t h  r o l l  :l,id 
No. 716 a l l o y  i s  shown i n  F igu re  36 and a photomicrograph o f  t he  c o r e  
node- to- face  j o i n t  i s  shown i n  F igu re  37. 
The No. 716 b r a z i n g  a l l o y  had l i t t l e  e f f e c t  on t h e  X7005 f aces ,based  
on m e t a l l o g r a p h i c  examinat ion .  
The pane l s  whicli h a d  z i n c  o r  copper  f o i l  added t o  t h e  No. 718 b r a z i n g  
f o i l  a r e  shown i n  Fcgure 38. The a d d i t i o n s  were made t o  d e p r e s s  t h e  brazif iE 
a l l o v  me l t i ng  po in t  and t o  i n c r e a s e  f low,  which occurred  f o r  bo th  c a s e s .  
However, t h e  modi f ied  b r a z i n g  a l l o y s  were aggressive and d i s s o l v e d  por t io r i s  
o f  t h e  honeycomb co re .  
The p a n e l s  d e s c r i b e d  i n  t h i s  s e c t i o n w e r e  aged 48 h r s .  a t  250'F, 
f o l l owing  b raz ing .  
s e v e r a l  pane l s  were o b t a i n e d  and r e p o r t e d  below. 
T e n s i l e  d a t a  from t h e  b r a z i n g  a l l o y  coa:ed f a c e s  c)f 
\. \\ 
U 1  t ima t e 
T e n s i l e  
Y i e l d  
S t reng  t h 
Sandwich ?ane l  S t r e n g t h  0.2% Off s e  t E 1 onga t i 0 7 1  
0, -- KS I KS I la Facing  
X7005 c l a d  w i t h  No. 716 42.5 33.8 9.3 
40.7 33.6 7.0 From R e t o r t  No. 1 
38.8 32.9 8.5 
From R e t o r t  No. 3 30.6 3 3 , l  8.5 
X7005 c l a d  wi thNo .  716 
34.5 30.8 3.0 X7005 c l a d  w i t h  ZII-AI-BP 
From R e t c r t  No. 2 34.0 29.1 3.0 
28.5 26.1 2.5 
30.0 1.0 
X7005 brazed  w i t h  Zn-Mg 
f o i l s  from R e t o r t  No. 2 31.8 
The No. 716 braz i i lg  a l l o y  moderately reduced t h e  s t r e n g t h  and d u c t i l i t y  of  
' *  
X7005. 
s i g n i f i c a n t l y  reduced t h e  d u c t i l i t y  of  X7005. 
Zinc a l l o y s ,  and p a r t i c u l a r l y  t h e  b r i t t l e  Zn-Mg a l l o y ,  
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Figure 35 Cross Sect ion Photomicrograph of Core Node-to-Face Joint 
f o r  the Sandwich shown i n  Figure.18,  
and Core was Brazing Sheet No. 22 
Faces were X7005 
tag: lOOX 
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Figure 37 Cross-Section Photomicrograph of Core Node-to-Face Joint 
for  the Sandwich Panel Shown i n  Figure- &Faces were X7005 
Clad with No. 716 Alloy. Core was Brazing Sheet No. 22. 
Mag: lOOX 
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Retort No. 4 had e x t e r n a l ,  r a t h e r  t h a n  i n t e r n a l  thermocouples,  and i s  
b e l i e v e d  t o  have been b r a z e d  a t  a t e m p e r a t u r e  10" t o  15" below optimum. Only 
s m a l l  f i l l e t s  were o b t a i n e d ,  bu t  t h e  c o r e  node b r a z e  w a s  n e a r l y  complete. 
F i g u r e  39 shows samples of  b r a z e d  c o r e ,  s e c t i o n e d  from p a n e l s  b r a z e d  
i n  r e t o r t s  No. 3 and No. 4. 
The f i f t h  brazement ( r e t o r t  No. 5 )  was h e a t e d  t o  t h e  h i g h  s i d e  o f  t h e  
b r a z i n g  range  (1120°F) and a tmospher i c  clamping p r e s s u r e  was i n c r e a s e  t o  0.5 
p s i .  E x c e l l e n t  b r a z i n g  a l l o y  f low w a s  ach ieved ,  b u t  t h e  c o r e  w a s  c rushed  by 
t h e  p r e s s u r e  used  a t  t h e  g i v e n  t e m p e r a t u r e ,  Except f o r  f a c i n g  s h e e t  t e n s i l e  
t e s t s ,  no f u r t h e r  tes ts  were done on t h a t  pane l .  
The b razed  p a n e l s  from r e t o r t  No. 6 appeared  sound o v e r a l l ,  e x c e p t  
t h a t  t h e  p a n e l  w i t h o u t  a d d i t i o n a l  b r a z i n g  a l l o y  f i l l e r  had v e r y  s m a l l  f i l l e t s .  
Fol lowing b r a z i n g ,  t h e  p a n e l s  were aged 48 h r s .  a t  250.F, and s e c t i o n -  
e d  f o r  test specimens.  I n  a d d i t i o n ,  mechanica l  t e s t s  were conducted  on  
specimens s e c t i o n e d  from t h e  p a n e l s  b razed  i n  r e t o r t s  p r e v i o u s l y  desc r ibed .  
T e n s i l e  d a t a  on t h e  b r a z e d  sandwich p a n e l  f a c i n g s  are g i v e n  i n  
Tab le  5 and sandwich p a n e l  f l a t w i s e  t e n s i l e  d a t a  are giverr i n  Tab le  6. 
The  t e n s i l e  d a t a  show t h a t  t h e  No. 7 1 8  b r a z i n g  a l l o y  modest ly r e d s c e d  
t h e  s t r e n g t h  and d u c t i l i t y  of  t h e  X7005 f a c e s .  T h i s  had  been r e p o r t e d  p r e-  
v i o u s l y  and it had been  shown t h a t  t h e  No. 719 b r a z i n g  a l l o y  evidenced l e s s  
d i f f u s i o n  i n t o  X7005. 
The f l a t w i s e  t e n s i l e  d a t a  o f  T a b l e  6 g i v e  the b e s t  measure of b r a z e  
The d a t a  show t h a t  t h e  b e s t  t e s t  v a l u e s  were o b t a i n e d  when b r a z i n g  q u a l i t y ,  
a l l o y  f o i l  w a s  added i n  d d d i t i o n  t o  t h e  b r a z i n g  a l l o y  c l a d  c o r e  f o i l .  In-  
s p e c t i o n  of  t h e  specimens showed t h a t  f a i l u r e  o c c u r r e d  ( f o r  specimens wi thou t  
added f i l l e r )  a t  t h e  t o p  face .  The f a i l u r e  mechanism s u g g e s t s  t h a t  when 
u s i n g  b r a z i n g  a l l o y  c l a d  honeycomb c o r e ,  it  may be  n e c e s s a r y  t o  add a d d i t i o n a l  
b r a z i n g  a l l o y  on t h e  t o p  f a c e  of t h e  sandwich, 
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Conc l u  s i o n  
On t h e  b a s i s  o f  sandwich f l a t w i s e  t e n s i l e  d a t a  and  meta1lographi .c  
i n s p e c t i o n ,  t h e  b e s t  sandwich brazements ,were  a c h i e v e d  w i t h  honeycomb c o r e  
f a b r i c a t e d  from No. 22 b r a z i n g  s h e e t  f o i l ,  and  w i t h  t h e  No. 719 f o i l  
p o s i t i o n e d  between f a c i n g s  and honeycomb c o r e  b l a n k e t s .  
Volume I1 d e s c r i b e s  t h e  b r a z i n g  o f  l a r g e  sandwich p a n e l s  f a b r i c a t e d  from 
t h a t  m a t e r i a l  system. 
node f low w a s  o b t a i n e d  i n  t h e  sandwich c o r e  b l a n k e t s .  
S e c t i o n  2.2 o f  
Sound sandwich brazements  w e r e  a c h i e v e d  and  f u l l  
On t h e  o t h e r  hand, t h e  t e s t i n g  program, S e c t i o n  2 . 3 ,  Volume 11, 
was conducted on sandwiches  c o n t a i n i n g  b a r e  X7005 honeycomb c o r e .  
X7005 w a s  s e l e c t e d  i n  p r e f e r e n c e  t o  Brazing Sheet  No. 2 2 ,  f o r  t h e  honeycomb 
c o r e ,  i n  t h e  i n t e r e s t  o f  o b t a i n i n g  t h e  h i g h e s t  p o s s i b l e  core  s t r e n g t h .  
Those p a n e l s ,  w i t h  ba re  Xi005 c o r e ,  ev idenced  l i t t l e  node flow, a l t h o u g h  
core-  to-  f a c e  b r a z e s  were a c c e p t a b l e ,  
A l l o y  
. .  
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3 .  BR4ZINS ALLOY DEVELOPMENT 
T h i s  s e c t i o n  w a s  aimed toward b r a z i n g  t h o s e  h igh  s t r e n g t h  aluminum 
a l l e y s  hav ing  s o l u t i o n  h e a t  t r e a t m e n t s  r ang ing  from approximate ly  900" t o  
1000°F. It would i n c l u d e  2024, 2014 and  2219 i n  t h e  2000 series. I n  t h e  
7000 series a l l o y s ,  i t  would i n c l u d e  7075, b u t  X7100 would be t h e  more 
r ea sonab le  c a n d i d a t e ,  because o f  i t s  less r e s t r i c t i v e  quenching r a t e  and  
b roade r  s o l u t i o n  h e a t  t r e a t m e n t  t empera tu re  r ange .  
The c r i t e r i a  e s t a b l i s h e d  f o r  a n  aluminum b r a z i n g  a l l o y  t o  s a t i s f y  
t h e  above r equ i r emen t s  a r e  t h e  fo l lowing :  
3 . 1  
s y  s t e m s  
1. Compatible  w i t h  aluminum from t h e  s t a n d p o i n t  o f  e r o s i o n  d u r i n g  
b r a z i n g  and  subsequent  c o r r o s i o n  r e s i s t a n c e .  
2 .  Braz ing  t empera tu re  o f  abouc 900°F. 
3 .  S u f f i c i e n t l y  m a l l e a b l e  t o  be r o l l e d  t o  f o i l .  
4. Room t empera tu re  and c ryogen ic  d u c t i l i t y .  
BACKGROUND 
Based on i n f o r m a t i o n  a v a i l a b l e  e a r l y  i n  t h e  program, t h e  a l l o y  
s e l e c t e d  f o r  p r e l i m i n a r y  s t u d y  were: 
0 A1-Si 
A1-Ge  
Al-Ag 
A1-Mg 
Zn 
The l i t e r a t u r e  survey  i d e n t i f i e d  two a l l o y  sys tems ($1-Ge and Al-Ag) 
which were s p e c i f i c a l l y  developed f o r  b r a z i n g  t h e  h e a t - t r e a t a b l e  aluminum 
a l l o y s  a t  o r  n e a r  t h e i r  m e l t i r g  p o i n t s  (B-1, B-2, B- 3,  B- 4 ,  B-5, B- 6  and  
53-8). According t o  Miller*, bo th  t h e  41-Ge and 41-P.g a l l o y s  were s u i t a b l e  
a l l o y s  f o r  b r a z i n g  alumirwm. The A l - G e  a l l o y s  were s a i d  t o  be e q u a l l y  
*Miller, M. 4. , Alcoa Research  Labora to ry ,  New Kens ington ,  Fa.,  
pe r sona l  communication. 
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a s  c o r r o s i o n  r e s i s t a n t  a s  1- Si  a l l o y s ,  but  were n o t  commercial ly  a v a i l a b l e  
because  o f  t h e  c o s t  o f  germanium. 
dec reased  c o r r o s i o n  r e s i s t a n c e .  
i n  t h e  p re sence  o f  f l u x .  
The A1-Ag a l l o y s  were s a i d  t o  have 
Both a l l o y  sys tems were used  f o r  b r a z i n g  
P r e l i m i n a r y  tests were p lanned  t o  d e f i n e  t h e  l i m i t s  o f  room t empera tu re  
d u c t i l i t y  i n  t h e  A1-Ge  system and t h e  l i m i t s  o f  c ryogen ic  d u c t i l i t y  i n  t h e  
Al-Zn system. 
3.2 PRELIMINARY DUCTILITY TESTS ON CAST ALLOYS 
To e s t a b l i s h  b a s e - l i n e  d a t a ,  pu re  aluminum, a l l o y  No. 718 and  a l l o y  
No. 719 were me l t ed ,  c a s t ,  and t e s t e d  f o r  bending s t r e n g t h  and  bend angle* .  
M e l t i n g  w a s  done i n  a i r  a t  1400°F unde r  cover  o f  a mol ten  f l u x  comprised o f  
e q u a l  p a r t s  by weight  o f  KC1 and  N a C l  t o  which w a s  added 5% by weight  o f  
c r y o l i t e .  
sha l low s t e e l  molds a t  room t empera tu re .  
I n g o t s  w e r e  e s s e n t i a l l y  c h i l l  cas t  by pour ing  100 g r .  h e a t s  i n t o  
T e s t  r e s u l t s  on t h e  t h r e e  h e a t s  were t h e  fo l lowing:  
Al loy  - A s  Cast  JcJ; 
Bending S t r e n g t h  Bend Angle 
( p s i )  -- (deg rees )  
> 255;;';;'; Aluminum (99.5 p u r i t y )  30,000 
No. 718 (88AL-12Si) 26,000 8 
No. 719 (76Al-lOSi-lOZn-4Cu) 42 , 000 2 
The No. 719 a l l o y  lacked  s u b s t a n t i a l  d u c t i l i t y .  However, i t  w a s  
b e l i e v e d  t h a t  t h e  No. 719 a l l o y  i n g o t ,  which was r o l l e d  t o  .00591 f o i l ,  
( S e c t i o n  2)  had p r i o r  work a t  Alcoa ( e x t r u s i o n ) .  
*Metals Handbook, 1948 E d i t i o n ,  page 125. Specimens were 0.25" x 0.25'' x 1.1" 
span ,  u s i n g  midspan load ing .  
**Conpositions a r e  g iven  i n  weight  p e r c e n t .  
***25O w a s  t h e  l i m i t  o f  t r a v e l  
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A s e c t i o n  from t h a t  Alcoa i n g o t  w a s  t e s t e d  i n  bending and had t h e  
f o l l o w i n g  p r o p e r t i e s :  
Bending S t r e n g t h  Bend Angle 
A1 loy ( p s i )  (deg rees )  
No. 719 a l l o y  - 64,000 LO 
Alcoa redraw stock 
The nex t  s t e p  was t h e  d e t e r m i n a t i o n  o f  s u b s t a n t i a l  room t empera tu re  
d u c t i l i t y  i n  t h e  sys tem A I - G e .  
above.  The t e s t  resul t s  fo l low:  
Alloys were me l t ed  and cast  a s  d e s c r i b e d  
Alloy - P,s C a s t  
I n t e n d e d  Bending S t r e n g t h  Bend Angle 
- Code Composition ( p s i )  (dep rees )  
A- 2 
A- 1 
A- 3 
90A1- l O G e  
83Al- 17Ge 
70A1-30Ge 
24,000 
19,000 
22,000 
7 
3 
2 '  
These da t a  showed t h a t  t h e  l i p i t s  o f  s u b s t a n t i a l  d u c t i l i t y  i n  the  
sys tem A l - G e  would be i n  t h e  range o f  20-30% Ge. 
Another  purpose  o f  t h e  p re l imina ry  t e s t s ,  w a s  t h e  e s t a b l i s h m e n t  of  
t h e  l i m i t s  o f  s u b s t a n t i a l  c ryogen ic  d u c t i l i t y  i n  t h e  Al-Zn system. Zinc ,  
95Zn-5A1, and 50Zn-50Af were t e s t e d  and  found t o  be  b r i t t l e  a t  -320°F. 
T h e r e f o r e  a s e r i e s  o f  Al-Zn a l l o y s  was p r e p a r e d  and  t e s t e d  and  t h e  r e s u l t s  
fo l low:  
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Code* 
20- 1 
20-2 
B- 4 
20-3 
B- 1 
B- 2 
B- 3 
A l l o y  - A s  Cas t  Room Temperature 
I n t e n d e d  Ana 1 y z e d Bending Bend Angle 
Composit ion Composition S t r e n g t h ( p s i )  ( d e g r e e s )  
95A1-5Zn 4.6Zn 15 , 000 > 25 
90A1- lOZn 8.9Zn 18,000 > 25 
90A1- LOZn 9.4Zn 29,000 > 25 
8581 - 15Zn 13.9Zn 52,000 > 25 
80A1- 20Zn 23 .8Zn 60,000 8 
70Al-30Zn 29.2Zn 66 , 000 1 2  
60A1- 40Zn 37.4Zn 50,000 8 
-320°F 
Bending Bend Anglt 
S t r e n g t h ( p s i )  (degrees )  
55 , 000 > 25 
35,000 25 
33,000 3 25 
31,000 > 25 
50,000 3 
75,000 3 
66,000 None 
Apparent ly ,  Al-Zn a l l o y s  w i t h  up t o  abou t  30% Zn would be t e c h n i c a l l y  
u s e f u l  a t  -320°F. 
*Most o f  t h e  code numbers r e f e r  t o  pages i n  a l a b o r a t o r y  n o t e  book. 
have no o t h e r  s i g n i f i c a n c e .  
They 
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3 . 3  GROUP I BRAZING ALLOY SELECTION AND TEST RESULTS 
The a l l o y s  l i s t e d  i n  Table  7 were s e l e c t e d  as t h e  resu l t  of t h e  
l i t e ra tu re  survey.  They were p r e p a r e d  by t h e  Bat tel le  Memorial I n s t i t u t e  
under s u b c o n t r a c t  t o  Aeronca. 
he l ium atmosphere and casts were made i n t o  a copper  mold w i t h i n  t h e  same 
B a t t e l l e  me l t ed  200 gm. h e a t s  w i t h i n  a 
atmosphere. Sample d r i l l i n g s  w e r e  t a k e n  from t h e  t o p ,  bottom, and middle  
of each i n g o t  and ana lyzed  by Bat te l le  l a b o r a t o r i e s .  The a c t u a l  a l l o y  
compos it i o n s  a g r e e d  v e r y  c l o s e l y  w i t h  t h e  i n t e n d e d  compos it ions .  
The remainder  of t h e  tests r e p o r t e d  i n  t h i s  s e c t i o n  were conducted  
a t  Aeronca. The m e l t i n g  range  o r  s o l i d u s  of t h e  a l l o y s  (Table I> w a s  
de termined by submerging a chromel-alumel thermocouple i n t o  a mol t en  p o o l  
of t h e  a l l o y  and s t i r r i n g  w i t h  t h e  thermocouple w h i l e  t h e  a l l o y  c o o l e d  t o  
i t s  f r e e z i n g  p o i n t .  The r e p o r t e d  s o l i d u s  v a l u e s  ( a l l  t a b l e s  h e r e i n )  were 
observed t o  be r easonab ly  a c c u r a t e  f o r  eutect ic  a l l o y s .  
wide m e l t i n g  ranges ,  t h e  r e p o r t e d  s o l i d u s  is n o t  a t r u e  s o l @ d u s ,  b u t  r e p r c -  
s e n t s  some t empera tu re  between t h e  s o l i d u s  and l i q u i d u s ,  because  t h e  thermo- 
For a l l o y s  having 
couple  was withdrawn from t h e  m e l t  when t h e  a l l o y  was i n  a mushy s ta te .  
I n  a d d i t i o n ,  some a l l p y s  (such as t h o s e  c o n t a i n i n g  I n  o r  Cd) ev idenced  
l i q u a t i o n  a t  a t e fnpera tu re  s u b s t a n t i a l l y  below t h e  r e p o r t e d  s o l i d u s .  A s  a 
check on t h e  p rocedure ,  t h e  s o l i d u s  was de termined f o r  pure  aluxinum (99.5 
p u r i t y )  and a l l o y  No. 719 . For pure  aluminum, a s o l i d u s  t empera tu re  of 
1210O t o  1220" was determined r e p r o d u c i b l y .  
g i v e n  as 960" t o  1040°F by Alcoa) ,  o u r  s o l i d u s  v a l u e s  r anged  from 'LOOOo t o  
For a l l o y  No. 719 ( m e l t i n g  r ange  
1020°F. 
t a b l e s  (Al-Au, A 1 - C e ,  A1-Ag, etc.) c l o s e l y  a g r e e  w i t h  a c c e p t e d  v a l u e s .  
The s o l i d u s  v a l u e s  f o r  t h e  v a r i o u s  e u t e c t i c  a l l o y s  r e p o r t e d  i n  t h e  
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TABLE 7 
ROOM TEMPERATURE BEND TESTS AND MELTING TESTS 
OF 
SELECTED CAST ALLOYSJ: 
Ap p r ox. 
Bending Bend Me 1 f ing Range 
St rength  Ang 1 e o r  So l idus  
_c - ( p s i )  (degrees)  ( O F )  
No, 3 73A1- 12Ge- 15Ag 55,000 5 1020 
Code Alloy -- A s  Cast 
No. 1 54A1-45Ge- 1Si 29,000 
No. 2 68Al-27Ge-5Si 
3 790-840 
71,000 7 900-970 
< 2  940 No. 4 28A1-55Ag-7211- lOCu 82,000 
NO. 5 
No. 6 28A1-57Ag-Xd- lOCu 62,000 
No. 7 61,000 
No. 8 
No. 9 65A1- 26Mg-9C~ Not Tested- 
Very Br i t t l e  
No 10 16A1-53Hg-3 1Ag Not Tes ted  - 
Very Br i t t le  
66,000 6 920- 980 17A1-3 9Ag- 36211- 8Cd 
< 2  960 
< 2  980 3 0 A 1 - 6 8Ag - 2L i 
1050 
- 830 
8 8 A 1 -  1014g-2Li 59,000 . 3  
- - 
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S e c t i o n s  c u t  from t h e  c e n t e r  p o r t i o n  o f  each  e x p e r i m e n t a l  b r a z i n g  
a l l o y  i n g o t  (Table  7) were p l a c e d  at' one end  of  kfl  x 2" x .040" specimens 
of  t h e  a l l o y  X7005. The X7005 specimens w e r e  c l eaned  w i t h  NaOH and  HNO 
p r i o r  t o  t e s t i n g ,  b u t  expe r imen ta l  b r a z i n g  a l l o y s  were deg rcased  o n l y .  The 
3 
X7005 specimens and  b r a z i n g  a l l o y s  were h e a t e d ,  one a t  a t i m e ,  t o  1000°F f o r  
10 m i n u t e s  i n  a p u r e  a r g o n  atmosphere.  Based on observed  m e l t i n g  and  flow, 
t h e  tests were r e p e a t e d  a t  e i t h e r  h i g h e r  o r  lower t empera tu re s .  The r e s u l t s  
a r e  l i s t e d  i n  Table  8 
Alloys 1 arid 2 showed t h e  most promise.  C r o s s - s e c t i o n  photomicrographs 
o f  these b r a z i n g  a l l o y - s u b s t r a t e  i n t e r f a c e s  a r e  shown i n  F i g u r e  40. 
Alloy 2 p e n e t r a t e d  t h e  s u b s t r a t e  t o  app rox ima te ly  o n e - t h i r d  t h e  t h i c k-  
n e s s  o f  t h e  0.40" s h e e t ,  wh i l e  a l l o y  1 flowed o v e r  t h e  s u r f a c e  w i thou t  
a p p r e c i a b l e  p e n e t r a t i o n .  
Of t h e  t e n  expe r imen ta l  a l l o y s  t e s t e d ,  o n l y  No. 1 appea red  promis ing  
wi thou t  a d d i t i o n a l  m o d i f i c a t i o n .  It would be p o s s i b l e  t o  b r a z e  a t  t empera tu re s  
lower t han  97S"F, t h u s  making i t  u s e f u l  f o r  2219, 6061 arid o t h e r  h e a t  t r e a t a b l e  
a l l o y s  hav ing  a s o l u t i o n  h e a t  t r e a t  t empera tu re s  a n d / o r  s o l i d u s  above abou t  
950°F. Alloy No. 2 w a s  s imi la r ,  bu t  b r a z i n g  a t  abou t  1050°F would be r e q u i r e d .  
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TABLE 8- 
' MELTING AND F M W  TEST OF TEN EXPERIMENTAL BRAZING ALLOYS 
Time w a s  Ten Minutes A t  The Test Temverature 
S u b s t r a t e  was X7005 
T e s t  
- A l l o y  No. Temperature Remarks 
A1-41.3Ge-1.5Si 
1 1000°F Melted and f lowed over  e n t i r e  specimen. Specimen w a s  d u c t i l e .  
1 975 . Melted and f lowed over  %j t h e  specimen. Specimen was duct i . le .  
1 950 One-half t h e  a l l o y  mel ted  and flowed o v e r  one-half t h e  specimen. 
Braze metal b r i t t l e  i n  t h i c k  s e c t i o n .  
-- 
A 1  - 27Ge- 5.3s i 
2 1000°F Bne- th i rd  of t h e  a l l o y  melted and f lowed over one- four th  of t h e  
specimen. Braze meta l  b r i t t l e  i n  t h i c k  s e c t i o n .  
2 1050 Melted and flowed over  e n t i r e  specinen.  
where t h i c k l y  coa ted ;  d u c t i l e  
Specimen was b r i t t i e  
w i t h  t h i n  coa t ing .  
A1-15.3Ag-11.9Ge 
3 1020°F S l i g h t  amount of l i q u i d  phase s e p a r a t e d  and flowed over  one- th i rd  
of specimen. Coated specimen w a s  d u c t i l e .  
3 
3 
lC50 
1100 
S l i g h t  amount of liquid phase s e p a r a t e d  and flowed over  o n e- t h i r d  
of specimen. T h i c k l y  c o a t e d  specimen w a s  b r i t t l e ;  d u c t i l e  wi th  
t h i n  coa t .  
One- th i rd  of t h e  a l l o y  mel ted  and flowed over  m e - t h i r d  o f  t h e  
epecimen. Braze metal b r i t t l e  i n  t h i c k  sections.  
A1-55.2hg-6.7Zn-10.2Cu 
4 1020°F Melted, but  ba l led- up  w i t h o u t  w e t t i n g  o r  flow. 
- 
_I_ 
A1-39.1Ag-35.7Zn-8.OCd 
5 1020°F Melted,  but ba l led- up  w i t h o u t  w e t t i n g  o r  flow. Wet when specimea 
was v i b r a t e d .  
- 
A1-57.4hg-4.6Cd-LO. ~ C U  
6 1010" F Same as Alloy No. 5 
A1-68.2Ag-1.7Li 
7 1020" F Wet and adhered  b u t  d i d  no t  mel t .  
7 1050 S l i g h t  melt ing.  Adhered and p e n e t r a t e d  specimsn but ddd not flow. 
7 1200 Two- thirds melted and f lowed o v e r  two- th i rds  of specimen. 
Specimen b r i t t l e .  
--I__ 
A1-10.1Mg-l .BLi 
8 1020" F Wet and adhered,  b u t  d i d  not  melt .  
8 . 1050 Wet and adhered,  but  d i d  n o t  ;nett. 
8 1100 S l i g h t  melting--wet and flowed. - - 
Al-25.6Mg-9. ~ C U  
9 1015°F Melced, ba l led- up ,  wet under  c e n t e r  of  b raz ing  a l l o y  lump,  No flow. 
10 1015" F Melted, ba l lad- up ,  wet and p e n e t r a t e d  t h e  specimen. No flow. 
A 1  -3 1Ag-5 ~ M E  .- 
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The Al -Ag-Li  and Al-Mg-Li a l l o y s  were d i s a p p o i n t i n g ,  because  they 
had m e l t i n g  p o i n t s  h i g h e r  than  a n t i c i p a t e d  and nay have had t h e  u n d e s i r a b l e  
f i l m  fo rmat ion  c h a r a c t e r i s t i c  o f  l i t h i u m  c o n t a i n i n g  a l l o y s ” .  
The h1-Ag and A1-Mg a l l o y s  c o n t a i n i n g  Cu, Cd o r  Zn, r e s p e c t i v e l y  
( 4 ,  5 ,  6 and 9, Tab le  7 had m e l t i n g  p o i n t s  o f  1000”F, o r  lower ,  but  d i d  
n o t  w e t  nor -€ low adequa te ly .  
Alloys Nos. 3 and 10 had m e l t i n g  p o i n t s  much h i g h e r  t h a n  a n t i c i p a t e d .  
Based on t h e  exper imen ta l  r e s u l t s  l i s t e d  i n  Table 8 , a l l o y  No. 1 
w a s  s e l e c t e d  f o r  a d d i t i o n a l  tests.  B a t t e l l e  w a s  c o n t r a c t e d  t o  c a s t  a 4 l b .  
i n g o t  and t o  conduct  t e s t s  aimed toward r e d u c i n g  t h e  i n g o t  t o  0.005” t h i c k  
f o i l .  Both h o t  and c o l d  r o l l i n g  t e s t s  w e r e  conducted ,  b u t  t h e  a l l o y  was 
found t o  be u n s u i t a b l e  f o r  r e d u c t i o n  by r o l l i n g .  Severe  edge c r a c k i n g  
o c c u r r e d  d u r i n g  c o l d  r o l l i n g  t e s t s  and l a m e l l a r  c r a c k i n g  o c c u r r e d  d u r i n g  hot 
r o l l i n g .  
3 . 4  GROUP I1 BRAZING ALLOY SELECTION AND TESTS 
An e x t e n s i v e  exper imen ta l  program was p lanned i n  which t e n  aluminum- 
base  b i n a r y  sys tems would be e v a l u a t e d :  
l e v e l s  o f  a d d i t i v e  e l e m e n t s ;  second ly ,  w i t h  i n c r e a s e d  a d d i t i v e  e l emen t s ,  a s  
r e q u i r e d  t o  d e p r e s s  m e l t i n g  p o i n t s  below 900°F. 
Tab les  9 through 1 7 ,  hav ing  code numbers lower than 38 c o n s t i t u t e  t h a t  
f i r s t  group.  The second,  and more h i g h l y  a l l o y e d  groups ,  a r e  l i s t e d  i n  t h e  
f i r s t ,  w i t h  modera te  (20 t o  30%) 
The a l l o y s  l i s t e d  i n  
same T a b l e s ,  bu t  have t h e  h i g h e r  code numbers. 
D i  s cu s s i o n  
The f o l l o w i n g  c o n c l u s i o n s  p e r t a i n  t o  t h e  f i r s t  group o f  a l l o y s  
(code numbers lower than  38) and g i v e  equa l  i m p o r t a n c e ’ t o  d u c t i l i t y  and 
m e l t i n g  range:  
~ 
*See N.  Bredzs,  U.S. 3,081,534. 
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Code 
A- 4 
-
15-2 
15- 1 
16- 1 
16- 2 
16-3 
19- 1 
19-2 
19-3 
21-2 
21.3 
21-4 
21-5 
21-7 
50-5 
50-6 
50- 7 
48- 1 
44- 1 
50-2 
48-2 
:: 44-2 
50-1 
48-3 
44- 3 
48-4 
44-4 
48-5 
TABLE 9 
KUON TEMPERATLIKE BEND TESTS AND MELTING TESTS 
OF 
CAST ALLOYS CONTAINING GERMANIUM 
Alloy - As Cast 
I nte nde d Compos i t i o n  
78A1- IOGe-12Si 
80Al- 10Ge- l O Z n  
70Al- 1 OGe- 10s i- lOZn 
85Al- 10Ge-5Ag 
80Al- 10Ge- 1OAg 
70Al-lOGe-20Ag 
85Al- 10Ge-5Cu 
6 0 A l -  10Ge- lOCu 
70Al- 10Ge-20Cu 
85A1-10Ge-5Au 
80Al-1OGe-1OAu 
75A1-10Ge- 10Zn-5Cu 
70A1- 10Ge- 10Zn- lOCu 
60A1- IOGe- l O M g  
60Al- 30-Ge- lOCu 
55Al-27Ce-18Cu 
50Al-25Ge-25Cu 
63A1-32Ce-5S i 
5481 - 40Ge- 6s i 
62Al-31Ge-5Si-2Cu 
60Al-30Ge-5Si-5Cu 
5 1 A1 - 3 8 Ge- 6s i - 5Cu  
6 2Al- 3 1Ge- 5s i- 22 n 
60A1- 3 OGe - 5s i- 52 n 
49Ai-36Ge-5Si- l O Z n  
60A1-30Ge-SSi-5Ag 
49 Al- 3 6 Ge - 5 S i - 1 0 Ag 
62Al-31Ge- 5Si- 2Mg 
Bending 
St re ngt h 
33,000 
22,000 
22,000 
26,000 
43,000 
(psi) 
17,000 
18,000 
49,000 
40,000 
15,000 
16,000 
30,000 
Bend 
Ang 1 e 
(degrees) 
8 
4 
4 
5 
7 
4 
6 
6 
3 
4 
7 
3 
41,000 None 
35,000 7 
33,000 None 
36,000 None 
11,000 None 
34,000 7 
27,000 --. 2 
25,000 " 2 
24,000 No ne 
28,000 None 
33,000 2 
21,000 2 
30,000 < 2  
40,000 None 
33,000 < 2  
9,000 None 
Approx. 
Melting Range 
o r  Solidus 
(" F) 
1000 
1000 
970 
1100 
1060 
1080 
1060 
1000 
950 
1120 
1100 
1010 
10 20 
1070 
800-880 
830-870 
890-970 
880- 9 10 
850-923 
860-900 
860-910 
620-840 
880-925 
860-900 
8 20-8 70 
890-930 . 
850- 890 
930- 1010 
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Code 
44- 6 
44- 7 
44- 5 
50-3 
-
50-4 
52-4 
52-5 
52- 1 
52-2 
52- 3 
I 
L 
' Alloy - A s  Cast 
Intended Composit i o n  
52Al-35Ge- 13Mg 
5 7 A1 - 3 8Ge - 5Mg 
49A1-3hGe-5Si-IOAu 
52A1-27Ge-4Si- 17Ag 
48A1- 2 4Ge - 4s  i - 2 4Ag 
5 1A1-43Ge- 1s i-5Ag 
3 8A1- 3 2Ge- 1 Si -  29Ag 
5 1A1-43Ge- - 1Si-5Cu 
51Al-43Ce-lSi-5zn 
49A1- 4 1Ge- 1 S i -  9Zn 
Bending . 
St reng th  
( p s i )  
17,000 
12,000 
23 , 000 
35 000 
38 000 
49 , 000 
48,000 
38,000 
Bend 
Ang 1 e 
( degree s ) 
No ne 
None 
.; 2 
No ne 
2 
None 
2 
None 
Approx. 
Mel t ing Range 
o r  So l idus  
(OF) 
1080- 1200 
1330- 1080 
870- 1040 
880-910 
880-900 
. 790-820 
8 10-940 
800-860 
No ne 780-820 34,000 
31,000 None 760- 8 20 
i -  
I * 
Code 
22- 1 
22-2 
23- 1 
2_. 
23- 2 
23-4 
23-5 
24- 1 
24- 2 
TABLE 10 
ROOM TEMPERATURE BEND TESTS AND MELTING TESTS 
OF 
CAST ALLOYS CONTAINING Z I N C  
Alloy - As Cast 
Intended Composition 
70A?- 10Zn-2C)Cd 
80A1- 10Z11- lOCd 
80A1- 10Zn- lOMg 
75A1- 10Zn- 15Mg 
85Al- 10Zn-51n 
80A1- 10Zn- lOIn 
85A1- 10Zn-5Sb 
70A1- 10Zn-20Sb 
ile n d ing 
S t rength  
52,000 
24,000 
12,000 
43,000 
8,000 
27,000 
( p s i )  
21,000 
25,000 
Bend 
Angle 
(. degrees)  
20 
16 
None 
None 
None 
12 
11 
7 
4-p p r 0 x . 
So 1 idus  
( O F )  
1100 
1100 
1040 
980 
1100 
1080 
1110 
1120 
89 
Code -
23-3 
24- 3 
25- 1 
25- 2 
25-3 
25-4 
25-5 
25-6 
26- 1 
26-2 
26-3 
26-4 
26-5 
26-6 
26- 7 
26-8 
46- 1 
48- 6 
46-2 
46-3 
47-2 
47-3 
49- 1 
47-4 
47-5 
48- 9 
49- 7 
49- 2 
49- 5 
TABLE 11 
ROOM TEMPERATURE BEND TESTS AND MELTING TESTS 
OF 
CAST ALLOYS CONTAINING SILVER 
Alloy - As Cast 
I n t e nde u Compos it io n 
7 0 A l -  30Ag 
80Al- 20Ag 
70A1- 23 Ag- 7 AU 
30A1-56Ag- 14Ge 
62A1-24Ag- 1 4 C ~  
69A1-30Ag- 1 B e  
68Al-26Ag-6Mg 
62A1-24Ag- 14Mg 
67A1-25Ag-8Pb 
62A1-23Ag-15Pb 
6 7 A1 - 2 5Ag- 8P d 
71A1-25Ag-4Si 
67Al-25Ag-8Si 
69Al- 26Ag- 5Zn 
66A1- 24Ag- LOZn 
58A1-21Ag- 21s b 
60A1- 30Ag- 1 OS i 
50Al-4OAg- lOSi 
55A1-27.Ag- 18Si 
50A1-33Ag-17Si 
60A1-30Ag- 1 0 G e  
55A1- 27Ag- 18Ge 
50Al-4OAg- 1 OGe 
55A1-27Ag- 18Mg 
5OA1-25Ag- 25Mg 
50A1-33Ag- 17Mg 
30A1-70Ag 
2 7A1- 64Ag-9Ge 
29Al-66Ag-5Ge 
Bending 
S t reng th  
57,000 
59,000 
57,000 
32,000 
32,000 
34,000 
14,000 
16,OGO 
73,000 
63,000 
( p s i )  
52,000 
62,000 
65,000 
60,000 
66,003 
26,000 
33,000 
31,000 
Bend 
Ang le 
(degrees)  
10 
9 
6 
None 
None 
10 
None 
None 
>10 
15 
None 
8 
7 
7 
9 
8 
2 
3 
weak and b r i t t l e  
21,000 None 
14,000 4 
38,003 < 2  
38,000 2 
8,000 No ne 
7,000 None 
5,000 No ne 
65,000 6 
46,000 2 
50,000 2 
Approx. 
Melt ing Range 
o r  So l idus  
( O F )  __ 
1050 
1080 
1060 
940 
930 
1040 
1020 
9 10 
1070 
1080 
1050 
1010 
970 
107 5 
1060 
1120 
1000- 1040 
1010- 1030 
1000- 1200 
1000- 1100 
980- 1030 
920-990 
930- 980 
960-990 
910-940 . 
970- 1000 
1030 
930- 1040 
I 
980-'1020 
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TABLE 11 ( con t inued )  
Code 
49-  3 
- 
49- 6 
49-8 
Bending Bend 
Al loy  - As Cas t  S t  re  ngth Ang le 
In t ended  Composition ( p s i )  ( deg r e es ) 
29A1-66Ag-5S i 52,000 2 
54? 000 8 
57,000 10 
1 8 A 1 -  4 1 As-  4 1Fb 
18A1- 4 1Ag- 4 Z B i  
Approx. 
Me 1 t ing Range 
or S o l i d u s  
(OF) 
1010- 1060 
1020- 1030 - 1020 
9 1  
TABLE 12 
Code 
'0 -  2 
42-4 
2_ 
30- 1 
42-5 
ROOM TEMPERATURE BEND TESTS AND MELTING TESTS 
OF 
CAST ALLOYS CONTAINING MAGNESIUM 
27- 1 
27-2 
27-3 
27-4 
27-5 
27-6 
27- 7 
27-8 
28- 1 
28- 2 
Alloy - A s  Cast 
Intends$ Compos i t  ion 
93AI- 7Mg 
90A1- lOMg 
-
88A1- 12Mg 
80A1-20Mg 
Analyzed 
Compos i t ion 
7.9 Pig 
10.7 Mg ' 
13.5 Mg 
20.0 Mg 
38- 7 66A1-27Mg-JIn 
38- 2 58A1-24Mg- 1 8 1 ~  
.38-3 5641-2 1Mg- 2 3 1 ~  
39- 1 67A1- 17Mg- 16In 
39-2 6 1 A l -  16Mg- 23 In  
38-4 68A1- 28Mg-4Ge 
38-5 67A1-24Mg-9ce 
38-6 61Al-25Mg- 14Ge 
39-3 62Al- 16Mg- 6Ge- 16 In  
39-4 5841- 14Mg-6Ge-22In 
Bending 
St rength  
( p s i )  
37,000 
'35,000 
20,000 
8,000 
19,000 
25 , 000 
15,000 
23,000 
18,000 
22 , 009 
42,000 
19,000 
50 , 000 
23 , 000 
12,000 
12,000 
17,000 
36,000 
51,000 
Approx, 
Bend Melt ing Range 
Ang 1 e or  So l idus  
(rees 2 (OF) 
Not t e s t  e d 6 1060 
< 2  
4 
None 980 
Not t e s t e d  
None 1040 
None 1030 
None 1020 
None 1030 
None 9 60 
3 1020 
3 970 
4 98 0 
None 1000 
None 960 
None 880 
None 900 
< 2  950 
2 960 
7 1000 
8 y 000 No ne ago 
9,000 No ne 1000 
S o l i d  c o n s t i t u e n t s  at lL00"F 
4 1000 
4 1020 
30,000 
53,000 
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TABLE 12 (cont inued)  
Bending Bend 
Al loy  - A s  Cast S creng t h Angle 
_I_ Code Intended Compos it ion ( P s i )  (degrees)  
40- 1 60A1-30Mg- lOZn weak and b r i t t l e  
40- 2 55A1- 25Mg- 20Zn 5,000 None 
40- 3 50A1-35Mg- 15Zn weak and b r i t t l e  
42-6 5 0 A l -  20Mg- 302 n 11,000 None 
40-4 30A1-40Mg-30Zn weak and b r i t t l e  
Ap p ro  x . 
Me 1 t ing Range 
o r  Sol idus  
(OF) 
830 
850 - 900 
840 - 900 
870 
840 - 890 
40-5 20A1-55Mg-25Zn 10,000 None 760 - 800 
42-89; 2A1-43Mg-55Zn 28,000 None 680 
42- 7 45A1- 14Mg-27Zn- 14111 16,000 None 960 
42-2 15A1- 50Mg- 3 5Pb 30,000 No ne 790 
42- 3 25 A 1  - 40Mg - 3 5P b weak and b r i t t l e  Not Tes ted  
42- 1 3 5Mg- 65Pb 10,000 None Not Tested 
. 41-1 
42-2 
20Al-60Mg- 20Ag 
lOAl- 55Mg- 3 5Ag 
13,000 ' 
11,000 
None 790 
None 810 
41-3 3041- 35Mg- 35Cd 9,000 None 8 00 
41-4 20A1-25Mg-55Cd 21,000 None 8 80 
41-5 5Mg-95Cd 19,000 5 Not Tested 
41-6 1 OMg - 9 OC d weak and b r i t t l e  Not Tes ted  
41-7 45Mg-55Cd 3,000 None Not Tes ted  
.40- 6 64A1-27Mg-9Au weak and b r i t t l e  860 
40- 7 58A1-25Mg- 17Au 10,000 None 850 
>v 
Dow a l l o y  GA 432 powder, melted under Dow f l u x  452. 
625" t o  675°F with a braz ing  range of  925" t o  940°F ( f o r  brazing magnesium a l l o y s ) .  
Melting range given as 
93 
Code -
28 -3 
28-4 
29- 1 
29-2 
29-3 
29-4 
29-5 
29-6 
29- 7 
23-8 
29-9 
29- 10 
TABLE 13 
ROOM TEMPERATURE BEND TESTS AND MELTING TESTS 
OF 
CAST ALLOYS CONTAINING COPPER 
Alloys - As Cast 
Intended Composition 
90A1- lOCu 
80A1- ZOCU 
85A1- 1OCU-5Ag 
87A1- lOCu-3Ag 
89A1- 1OCu- 1Be 
85Al- 10Cu-5Ge 
85Al- 10Cu-5Mg 
85A1-5Cu- lOMg 
75A1- 10Cu- 15Si 
70A1- 1OCu- 205 i 
85Af-  102u-5Cd 
75Al- ~ O C U -  15Cd 
Bending 
S t reng th  
22,000 
2?,000 
28,000 
23,000 
33 , 000 
27,000 
27,000 
33,000 . 
44,000 
29 I 000 
34 000 
40,000 
( p s i )  
Bend 
Ang 1 e 
( degrees ) 
2 
None 
No ne 
No ne 
None 
None 
None 
Mo ne 
' None 
None 
5 
6 
App 1-ox 
( O F )  
So l i d u s  
1090 
1000 
1050 
1080 
1090 
1050 
1020 
960 
980 
980 
1050 
1070 
. .  . .  
94 
. .  
Code 
2_ 
31-1 
32- 1 
32-2 
32-3 
32-4 
32-5 
32-6 
32- 7 
32-8 
32-9 
45- l 
45- 2 
45- 7 
48- 1Q 
45-5 
48- 8 
45-3 
45-4 
TABLE 14 
ROOM TEMPERATURE BEND TESTS AND MELTING TESTS 
OF 
CAST ALLOYS. CONTAINING GOLD 
Alloy - AS Cast 
Illteiided (.C~~JOS i c i o n  
9 4A 1 - 6 Au 
9041 -6Au- 4Ge 
85A1- 1Oi\u - 5s  i 
90Al-GAu-4Si 
-7-- 
90Al-6Au-LtMg 
92Al-6Au-2blg 
92A1-6A~- 2Sb 
86A1- IOAu-CzSb 
87A1-  10Au-3Sn 
90Al-6Au- 4Sn 
8 0 A l -  10Au- lOSi 
70A1-20Au- lOSi 
60Al-30Au-lOSi 
5OA1-40Au- lOSi 
70Al- 20Au- lOGe 
60Al-30Au- lOGe 
4 
64Al- 18Au-9Ge-9S i 
95 
Bending 
S t reng th  
( p s i  1 
32,000 
24;OOO 
17,000 
27,000 
20,000 
14,000 
35,000 
24,000 
25,000 
22,000 
41,000 
31,000 
9,000 
7,000 
17,000 
16,000 
30,000 
8,000 
Approx. 
Bend Melt ing Range 
Ang le o r  So l idus  
(degrees ) ( O F )  
3 25 1 i90 
1130 15 
13 1060 
11  II; 20 
None 1130 
8 116U 
> 25 1150 
20 1130 
1 180 22 
> 25 1 P50 
7 
3 
Eone 
None 
3 
2 
4 
None 
1040 - 1180 
1030 - 1050 
1050 - 1240 
1070 - 1200 
1080 - 1150 
1080 - 1120 
970 - 1100 
1050 - 1300 
TABLE 15 
, ROOM TEME'ERATURE BEND TESTS AND MELTING TESTS 
OF 
CAST ALLOYS CONTAINING PALLADIUM 
Bending 
S t 1: eng t h A l i G y  - As cast  ------ Intended Cbmposition - -- ( p s i )  Cade 
31-2 82A1- 18Pd 33.000 
_L 
33-2 80A1- 15P d- 5Mg 
33-3 80A1- 15Pd-5Zn 
33-4 85Al-5Pd- lOSb 
38,000 
43,000 
43,000 ' 
Bend 
. Angle 
(degrees)  
2 
No ne 
9 
12 
Approx. 
So 1 idus  
1200 
1070 
- (OF) 
1090 
1130 
96 
Code 
34-  1 
T__ 
3b-  1 
36-2 
36-3 
36-4 
36- 5  
37-2 
37- 1 
TABLE 16 
ROOM TEMPERATURE BEND TESTS AND MELTING TESTS 
I OF 
CAST ALLOYS CONTAINING CERIUM 
Alloy - As Cast 
_I_-- Intendcc! (hrnpos , it ion  
40A1- 1 i ) C ~  
85A1-5Ce- l0Mg 
80A1- 1 0 C ~ -  t0Ng 
85Al-5Ce- l0Cu 
80A1- 10C:e- lOCu 
85Al- lOC+~-SCu 
8OA1- E5Ce-SCu 
84Al -  10Ce-6Au 
Bend ing 
Strength 
28,900 
37,000 
29,000 
31,000 
34,000 
39,000 
27,000 
26,000 
( p s i )  - 
Bend 
Angle 
(degsees)  
14 
2 
< 2  
4 
5 
11 
4 
11 
Appr-ox. 
So 1 i d u s  
1140 
1040 
1030 
1100 
1100 
11 10 
1120 
1150 
_I__- ("P> -- 
97 
TABLE 17  
ROOM TEMPERATURE BEND TESTS A N D  MELTING TESTS 
OF 
CAST ALLOYS CONTAINING LANTHANUM 
Bending Bend R p p r o x .  
S t rengtr h Angle So 1 idus  Al loy  - As Cast  
Intended Conipos i t  i o n  
90Al- 1OLa 25,000 
(O F )  ( p s i )  (degrees  ) ' -. . 
Code 
L_ 
13 1140 
34- 2 
8 1140 
5 1150 
86A1- 10La-4Au 18,000 
37-3 
85A1- 10La-5Ag 35,000 
37-4 
26,000 3 7- 5  85A1- 10La-5Cu 
37-6 85A1- 10La-5Mg 30,000 
6 1120 
5 1080 
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The A1-Ge group o f  a l l o y s ,  Tab le s  7 and  9 , appea red  t o  m e r i t  
f u r t h e r  work. The most promis ing  system w a s  t h e  Al-Ge-Si t e r n a r y  and t h e  
most p romis ing  a d d i t i o n  e l e m e n t s  were thought  t o  be  Cu and Zn. O t h e r ,  
p o s s i b l y  u s e f u l  a d d i t i o n  e l emen t s  were Au and  Gg. 
The A1-Zn group o f  a l l o y s  (Tab le  l o )  cou ld  have been r e - e v a l u a t e d  
a t  h i g h e r  Zn l e v e l s ;  however, even  a t  70A1-30Zn, t h e  l i q u i d u s  would be  above 
1100°F. Accord ingly  Al-Zn sys tems were no t ,  p lanned  t o  be e v a l u a t e d  f u r t h e r ,  
excep t  t h a t  Zn might  be a n  a d d i t i o n  element  t o  o t h e r  systems.  
The A1-Ag g roup  o f  a l l o y s  (Table  11) showed s e v e r a l  p romis ing  
p o s s i b i l i t i e s ,  such  a s :  
1. Al-Ag-Si - I n c r e a s e  Ag and  Si. P o s s i b l y  add Pb. 
2 .  Al-Ag- Mg - Vary t h e  composi t ion ,  add  Pb o r  I n  t o  improve d u c t i l i t y .  
(See Al-Mg a l l o y s  below) 
3 .  A l- A g- G e  - Vary t h e  composi t lon ,  add S i  a n d / o r  Au. 
4 .  I n c r e a s e  Ag c o n t e n t  on e n t i r e  ser ies .  
T e s t s  on t h e  A1-Mg group a l l o y s  (Table  12 1 and t h e  A1-Cu group 
a l l o y s  (Table  13 ), showed t h a t  i t  would be  d i f f i c u l t ,  i f  no t  imposs ib l e ,  t o  
a c h i e v e  s u b s t a n t i a l  d u c t i l i t y  i n  t h o s e  a l l o y s  having  h igh  enough Cu o r  Mg t o  
s u f f i c i e n t l y  d e p r e s s  t h e  m e l t i n g  ranges .  The A1-Cu system would n o t  be 
- e v a l u a t e d  f u r t h e r  excep t  t h a t  Cu might  be c o n s i d e r e d  a s  a n  a d d i t i o n  e lement  
€or o t h e r  sys tems.  The A1-Mg sys tem w a s  e v a l u a t e d  i n  t h e  second series  o f  
rests by i n c r e a s i n g  t h e  Mg c o n t e n t  and by a t t e m p t i n g  t o  r e t a i n  d u c t i l i t y  w i t h  
I n  and  G e  a d d i t i o n s .  Secondly,  t h e  t e r n a r y  phase  d i a g r a m  a v a i l a b l e  f o r  
Al-Mg-Zn, Al-Mg-Ag, AL-Mg-Cd, a n d  Al-Kg-Pb sugges t ed  p o s s i b l e  c a n d i d a t e  
a l l o y s .  S e v e r a l  a l l o y s  from each  system were p repa red  and e v a l u a t e d .  
Tab le  14 o n  Al-Au a l l o y s  shows bo th  h igh  m e l t i n g  p o i n t s  and  h i g h  
d u c t i l i t i e s .  i i e fe rence  t o  t h e i r  r e s p e c t i v e  b i n a r y  phase  diagrams shows c h a t  
Au g r e a t l y  d e 9 r e s s e s  t h e  m e l t i n g  p o i n t s  o f  Ge and  S i .  Consequently,  a second 
99 
. -  
series o f  t e s t s  were planned on Al-Au-Si and  A1-Au-Ge a l l o y s  w i t h  p r o g r e s s -  
i v e l y  h i g h e r  p r e c e n t a g e s  o f  Au, S i ,  and  G e .  
Aluminum a l l o y s  c o n t a i n i n g  Pd, C e ,  and  La ( T a b l e s  15 th rough  17 ) 
would n o t  be  e v a l u a t e d  f u r t h e r .  
The second group o f  tes ts  (code numbers g r e a t e r  t h a n  37)  were begun 
by d e t e r m i n i n g  t h e  e f f e c t s  o f  I n  and G e  a d d i t i o n s  on  Al-Mg a l l o y s  hav ing  
h i g h e r  Mg p e r c e n t a g e s  t h a n  t h o s e  d i s c u s s e d  above.  The r e s u l t s  a r e  l i s t e d  i n  
Tab le  1 2 .  N e i t h e r  sys tem o f f e r e d  enough m e r i t  f o r  f u r t h e r  work. I n  a d d i t i o n  
t o  f a i l i n g  t o  p a s s  t h e  d u c t i l i t y  and  m e l t i n g  p o i n t  tests ,  a l l  o f  t h e  second 
group Mg- al loys  were observed  t o  have poor c o r r o s i o n  r e s i s t a n c e .  The poor  
c o r r o s i o n  r e s i s t a n c e  o f  some Mg-Ge a l l o y s  i s  w e l l  known ( o x i d i z e  i n  d r y  a i r  
a t  room t e m p e r a t u r e ) .  
a l l o y s  a l s o  had very  poor  c o r r o s i o n  r e s i s t a n c e .  
I t  was i n t e r e s t i n g  t o  o b s e r v e  t h a t  t h e  8 1- r i c h ,  Al-Ge-Mg 
A l l o y s  from t h e  sys tems  Al-Mg-Zn, AI-Mg-Ag, AL-Mg-Cd, and Al-Mg-Pb, 
were s e l e c t e d  on t h e  b a s i s  o f  t h e  l i q u i d u s  i n  t h e i r  r e s p e c t i v e  t e r n a r y  
e q u i l i b r i u m  diagrams*. The d a t a ,  Tab le  12 , showed l i t t l e  promise f o r  
mee t ing  t h e  g o a l s  o f  t h e  program w i t h  those  a l l o y  sys tems .  O t h e r  a l l o y s ,  
c o n t a i n i n g  Mg-Pb, Mg-Cd, and  Mg-Au, a l s o  showed n e g a t i v e  r e s u l t s .  
A few a d d i t i o n a l  b r a z i n g  tes ts  were p lanned  on Al-Mg-Cu a l l o y s  
because  of  t h e i r  f low c h a r a c t e r i s t i c s .  
results, no f u r t h e r  work would be  done on a l l o y s  c o n t a i n i n g  s a b s t a n t i a l  amounts 
U n l e s s  t h o s e  tests  prov ided  unexpected 
o f magne s ium . 
Alloys based on t h e  sys tems A1-Ce and  A1-Ag are l i s t e d  i n  T a b l e s  9 
and 11 , r e s p e c t i v e l y .  The r e s u l t s  i n  t h e  A1-Ge  sys tem a re  s e l f - e v i d e n t  and 
s e l e c t i o n  o f  one o r  more s p e c i f i c  a l l o y s  would depend upon b r a z i n g  and  working 
tests  a s  d e s c r i b e d  subsequen t ly .  I n t e r e s t i n g l y ,  t h e  a d d i t i o n  o f  r a t h e r  l a r g e  
*Metals Refe rence  Book, 3 r d  E d i t i o n ,  Vol. 1, S m i t h e l l s ,  C. J.  B u t t e r w o r t h s ,  
1962. 
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amounts o f  Ag t o  Al-Ge-Si a l l o y s  impar ted  more d u c t i l i t y  t h a n  t h a t  
o b t a i n e d  wi th  Al-Ge-Si a l l o y s  having o n l y  s m a l l  amounts of  Ag. It 
appeared  t h a t  Al-Ge-Si a l l o y s  would r e q u i r e  about  35% G e  t o  m e e t  t h e  
program requ i rement s .  
The s e l e c t e d  Al-Ag-Si a l l o y s  (Table  7 )  d i d  n o t  ev idence  adequate  
m e l t i n g  p o i n t  d e p r e s s i o n s .  
c l o s e l y  approached t h e  requi rements .  
On t h e  o t h e r  hand, t h e  Al-Ag-Ge a l l o y s  more 
Al loys  based  on t h e  A1-Au sys tem d i d  n o t  o f f e r  s u f f i c i e n t  promise 
f o r  f u r t h e r  work, 
3.5 BRAZING TESTS 
Small  sandwich b r a z i n g  tests  were conducted  i n  t h e  l a b o r a t o r y  t u b e  
f u r n a c e  w i t h i n  a n  argon atmosphere t o  de termine  t h e  f low, w e t t i n g ,  and 
e r o s i v e  c h a r a c t e r i s t i c s  o f  s e l e c t e d  exper imen ta l  b r a z i n g  a l l o y s .  
The specimen c o n f i g u r a t i o n  is shown below. 
.. 
Honeycomb Core 
Braz ing  A 1  loy  
Sandwich Face 
10 1 
The brazed  sandwich specimens were s e c t i o n e d ,  e t c h e d ,  and  examined 
f o l l o w i n g  b r a z i n g .  The observed  r e s u l t s  a re  l i s t e d  i n  Tab le  18 . The 
a l l o y s  showing t h e  most promise  a t  t h i s  t i m e  were i n  t h e  sys tem Al-Ge-Si-Ag 
and  t h e  sys tem Al-Ge-Si-Zn. Both o f  those  a l l o y  sys tems  a l s o  showed good 
s t r e n g t h  and a p p r e c i a b l e  d u c t i l i t y  i n  bend tests.  
3.5  BRAZING ALLOY EVALUATION 
From Table  18 above,  t h e  f o l l o w i n g  a l l o y s  were s e l e c t e d  f o r  
f u r t h e r  e v a l u a t i o n :  
Approx . Me1 t i n g  
I 
- Code I n t e n d e d  Composit ion - Range - OF 
58- 1 47Al-33Ge-20Zn 760-850 
44- 3 49Al-36Ge-5Si-lOZn 820-870 
52-3 49R1-41Ge-lSi-9Zn 
52-4 51A1-43Ge-iSi-SAg 
53- 1 
50-4 
43.41 - 3 6Ge - 1 S i  - 2 OAg 
48AI - 2 4Ge- 4 s  i- 24Ag 
760-820 
790-820 
810-820 
880-900 
I n  a d d i t i o n ,  t h e  a l l o y  6581-26Mg-9Cu (Code No. 9) w a s  p romis ing  i n  
t r a z i n g  t es t s ;  however, i t  w a s  t o o  b r i t t l e  t o  be c o n s i d e r e d  f u r t h e r  a t  t h i s  
t i m e  . 
3.5.1 _Foil Cladding and  Braz lng  T e s t s  
F o i l  o f  a l l o y  2024, 0.005" t h i c k  and 0.55" wide ,  was drawn th rough  
mol ten 200 gm heats  o f  each  of t h e  above b r a z i n g  a l l o y s  w i t h  t h e  a l l o y s  
main ta ined  a t  a t empera tu re  o f  900°F- F i n a l  t h i c k n e s s  o f  t h e  2024 f o i l  ranged 
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Brazing Alloy 
Code Intended Composition 
NO. 9 65A1-26Mg-9Cu 
No. 5 17A1-39Ag-36Zn-8Cd 
No. 1 j: 54A1-45Ge-1Si 
No. la 54A1-45Ge - 1Si 
44- 1 
48- 1 
56-3 
58-1 
50-1 
48 -3 
44-3 
52-2 
52-3 
50 -5 
50 -6 
50 -2 
48-2 
44-2 
52-1 
52-4 
44-4 
44-4 
53-1 
- 50-4 
52-5 
47 -3 
54Al-40Ge -6Si 
63A1-3 2Ge - 5Si 
50A 1- 29Ge -2 1 Zn 
47A1-33Ge -20Zn 
62Al-3 lGe-5Si-2Zn 
60A 1-3 OGe - 5Si - 5 Zn 
49A1-36Ge-5Si- lOZn 
5lA1-43Ge-lSi-5Zn 
4 9A1-4 1Ge - 1 Si - 9Z n 
60A1-30Ge-lOCu 
55Al-27Ge - 18Cu 
62A1-3 lGe-5Si-2Cu 
60Al-30Ge -5Si-5Cu 
5 1Al-3 8Ge -6Si -5Cu 
5 1A1-43Ge- 1Si-5Cu 
5 1Al-43Ge - 1Si - 5Ag 
49Al-36Ge-5Si-lOAg 
49A1-3 6Ge -5Si - 1 OAg 
43Al-36Ge-lSi-20Ag 
48Al-24Ge -4Si - 24Ag 
3 8A1-3 2Ge - 1% - 29Ag 
55A1- 18Ge -27Ag 
Approx. 
Melting 
Range "F 
830-880 
920-980 
7 90 -840 
790-840 
850-920 
880 -9 10 
790-900 
760-850 
880-925 
860-900 
820-870 
780-820 
760-820 
800-880 
830-870 
860-900 
860-910 
8 20 -840 
780-820 
7 90 -820 
850-890 
850-890 
8 10-820 
880-900 
8 10 -940 
920-990 
TABLE 18 
ALUMLNUM ALLOY SANDWICH 
SELECTED EXPERIMENT 
Sandwich 
Faces & Core 
2024 
X7005 
2024 
2024 
2024 
2024 
2024 
2024 
2024 
2024 
X7005 
2024 
2024 
2024 
2024 
2024 
2024 
2024 
2024 
2024 
2024 
2024 
2024 
2024 
X7005 
X7005 
.b 7 
Four pound ingot. Same intended composition as Code No. 1. 
Brazing 
Temperature "F 
(for 10 min.) 
915 
980 - 10 10 
920-940 
900-930 
915 
920 
930 
93 0 
93 0 
9 20 
900-930 
900 -930 
890-910 
9-20 
900 
915 
925 
900 -925 
900-930 
900-910 
900-920 
930 
900 
990 
900-930 
1000 
AZING TESTS USING 
BRAZING ALLOYS 
Condition 
of 
Core Root 
Unaffected 
Wetting of 
andwich Face  Remarks 
Good flow and filleting. :omplete 
Dissolved 'oar 
Slight penetration of face. 
Slight penetration of face. 
Incomplete melting, some filleting. 
.In complete melting. 
zomplete 
;omplete 
Fair 
e par  a te  d 
Dissolved 
Dis solved 
U naf f e c te d 
Unaffected 
Flow on core  walls. Incomplete melting. 
Good flow and fair filleting. 
eparated 
;om ple te 
Unaffected 
Local at tack 
Unaffected 
Unaffected 
Local a t tack 
'oar 
'oar 
Zomplete 
In c o m ple te me ltin g . 
Incomplete melting . 
;omplete 
Zomplete 
Local at tack 
Local at tack 
Incomplete melting. 
Flow on core  walls. Incomplete melting. 
'oar 
ieparated 
Unaffected 
Local at tack 
Unaffected 
Unaffected 
Dissolved 
Local a t tack 
Incomplete melting, 
Incomplete Melting. 
Slight penetration of face. 
Local penetration of face. 
ieparated 
i e pa rate d 
;om ple te 
Door 
;om ple te 
ieparated 
Door 
Zomplete 
Zomplete 
zomple te 
Local at tack 
Unaffected 
Unaffected 
Local  a t tack 
U naffe cted 
Local Attack 
Slight penetration of face. 
Incomplete melting . 
Rolled brazing alloy. 
Slight penetration. 
Good flow without penetration. 
Excellent node flow. 
See Table 1'. 
i e pa ra te d Unaffected Rolled brazing alloy. See Table V .  
from 0.007" t o  0.010". 
t o  form smal l  c o r e  b l a n k e t s .  
The c l a d  f o i l  was c o r r u g a t e d  and  r e s i s t a n c e  welded 
Labora to ry  b r a z i n g  tes ts  were conducted by b r a z i n g  sandwich specimens 
h a v i n g  t h e  c l a d  c o r e  and  b a r e  2024 f a c e s .  
w i t h i n  t h e  t empera tu re  range  900-930°F i n  a n  a r g o n  a tmosphere .  
The b r a z i n g  s c h e d u l e s  w e r e  10 m i n u t e s  
The r e s u l t s  i n d i c a t e d  t h a t  t h e r e  was a n  i n s u f f i c i e n t  amount o f  b r a z i n g  
Only smal l  f i l l e t s  were o b t a i n e d  and  t h e  t o p  f a c e s  o f  t h e  sandwiches a l l o y .  
cou ld  be s e p a r a t e d  from t h e  c o r e .  
F u r t h e r  d i p  c l a d d i n g  tests were no more promising.  At tempts  t o  
bu i ld- up  h e a v i e r  c o a t i n g s  r e s u l t e d  i n  m e l t i n g  o f  t h e  2024 honeycomb c o r e  
r ibbon .  When t h e  b r a z i n g  a l l o y  m e l t  was c o o l e d  somewhat, c o a t i n g s  were 
i r r e g u l a r  and  c o n t a i n e d  v a r y i n g  amounts o f  d r o s s .  
._ 
T h i s  method o f  f o i l  c l a d d i n g  w a s  d i s c o n t i n u e d .  
3 , 5 , 2  -- Braz ing  Al loy Flow and Corrosion T e s t i n g  
Braz ing  a l l o y  f l o w  tests were conducted w i t h i n  a r g o n  atmospheres.  
The b r a z e d  specimens, t h e i r  t e m p e r a t u r e s  and s u b s t r a t e  materi.als are l i s t e d  
i n  T a b l e  19. Braz ing  a l l o y s  Nos. 718 and 719 w e r e  i f ic luded t o  p r o v i d e  a 
b a s i s  f o r  comparison. The b r a z e d  specimens a r e  shown i n  F i g u r e  41,. S e c t i o n s  
of each  specimen were examined m e t a l l o g r a p h i c a l l y  and photomicrographs  are 
shown i n  F i g u r e s  42 throGgh 45. Note t h a t  a l l o y s  52-3 and 50-4 behaved 
much l i k e  a l l o y s  7 1 8  and  719. Some of t h e  b r a z i n g  a l l o y s  showed remarkab le  
f l u i d i t y  as demons t ra ted  by t h e  photographs  of t h e  reverse s i d e  of t h e  
specimens.  They i n c l u d e d  a l l o y s  53-1 and 58-1. While  t h e  behav ior  of 52- 4 
appeared  s i m i l a r ,  t h e  f l o w  t o  t h e  reverse s i d e  of t h e  coupon w a s  caused  by 
p e n e t r a t i o n  th rough  t h e  s u b s t r a t e .  Al loy No. 1 a l s o  p e n e t r a t e d  t h e  s u b s t r a t e .  
The remainder  of t h e  specimens were c o r r o s i o n  t e s t e d  96 h o u r s  i n  a s a l t  s p r a y  ' 
(5% s o l u t i o n )  p e r  F e d e r a l  T e s t  Method S t a n d a r d  No. 15 ia .  
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T A B L E  19 
B R A Z I N G  A L L O Y  FLOW TESTS 
Code  
7 4 -  1 
7 4- 2  
7 4 - 3  
7 4 - 4  
7 4 - 5  
7 4 - 6  
7 4  -7 
7 4 - 8  
B r a z i n g  A l l o y  
88A1-12Si 
O t h e r  
B r a z i n g  A l l o y  
D e s c r i p t i o n  S u b s t r a t e  
No. 7 1 8  X7005  
76A1- 1OSi-4Cu- lOZn No.  7 1 9  X7005  
43A1-36Ge - 1Si -20Ag 5 3- 1  2024  
49A1-41Ge - 1Si -9Zn 5 2 - 3  . 2024  
5 1 A 1 - 4 3 G e - l S i - 5 A g  52 - 4  20 24 
47A1-33Ge - 2 0 Z n  5 8 - 1  20 24 
54A1-45Ge - !Si No. 1 2024  
48A1- 24Ge - 4 s  i - 24A g 50 -4 2024  
B r a z i n g  
T e m p e r a t u r e  
1095  "F 
1050 
93 0 
930 
930 
900 
930 
930 
105 
C 
rl 
3 
0 c 
w 
e, 
Q) rn 
W 
106 
c 
0 
bo 
3 
cu 
0 
Q) 
k 
9) c 
3 
8 
4 
!i 
C 
-4 
&.I 
0 
0 
E: 
rl 
U 
cp 
u) 
0 
x x 
0 
U 
V 
0)  a 
3 
&.I 
2 
z” 
b . 
h 
0 
l-l 
l-l 
4 
e. 
U 
cu 
al 
4 
E: 
5 
4 
cu 
0 
Q) 
k 
0) c 
3 
9 
8 
4 
C 
$=.I 
0 
u) 
.rl 
0 
2 
U 
m 
u) 
0 
0 
h 
x 
0 
C 
0 
V 
9) 
m 
7 
&.I 
m 
8 4  
h 
0 z 
h 
0 
l-l 
$4 
4 
U 
.. 
U 
f 3  
.rl 
Pll 
10 7 
.. 
*- u 
108 
I I 
109 
x 
0 
0 
110 
M e t a l l o g r a p h i c  examina t ion  of t h e  exposed specimens r e v e a l e d  a 
modera te  amount o f  g e n e r a l  c o r r o s i o n ,  b u t  no c r e v i c e  c o r r o s i o n  a t  t h e  b r a z i n g  
a l l o y - s u b s t r a t e  i n t e r f a c e ,  Few d i f f e r e n c e s  were no ted  among t h e  specimens,  
excep t  f o r  t h e  2024 coupon c o a t e d  w i t h  t h e  a l l o y  43A1-36Ge- lSi-20Ag, 
(Code 53-l), where t h e r e  w a s  a g r e a t e r  amount o f  s u b s t r a t e  c o r r o s i o n .  
S i m i l a r  c o r r o s i o n  tes ts  were conducted  on b r a z e d  sandwich f l a t w i s e  
t e n s i l e  specimens from p a n e l s  F(X7005 faces and c o r e ,  No. 719 b r a z i n g  a l l o y )  
and G (X7106 f a c e s ,  X7005 c o r e ,  No. 719 b r a z i n g  a l l o y ) .  After t h e  96-hour 
s a l t  s p r a y  exposure ,  t h e  s i x  specimens were t e s t e d  i n  t e n s i o n  a t  room temper-  
a t u r e  and t h e y  f a i l e d  a t  a stress between 0 and 100 p s i .  Non-corroded 
specimens had a t y p i c a l  f l a t w i s e  t e n s i l e  s t r e n g t h  o f  1100 p s i  a t  rooin t emper-  
a t u r e  (Ref: Volume 11). 
t h e  0.005" t h i c k  X7005 honeycomb c o r e  f o i l  a t  t h e  j u n c t i o n  of t h e  b r a z i n g  
The predominate  c o r r o s i o n  mode was p e r f o r a t i o n  o f  
a l l o y  f i l l e t  and t h e  c o r e  ce l l  w a l l .  The c o r r o s i o n  p e r f o r a t i o n  of t h e  
honeycomb c o r e  was g e n e r a l  throughout  t h e  2" x 2" specimens. 
Although t h e  sa l t  s p r a y  c o r r o s i o n  test  i s  o n l y  q u a l i t a t i v e ,  it 
s u g g e s t s  a requi rement  f o r  e x t e r n a l  p r o t e c t i o n  of exposed p a n e l  edges  and /o r  
t h e  d e s i r a b i l i t y  o f  a c l o s e d  ce l l  c o n f i g u r a t i o n  i n  t h e  honeycomb c o r e  b l a n k e t s .  
3.5.3 Hot and Cold R o l l i n g  Tests o f  S e l e c t e d  Al loys  
R o l l i n g  tests were conducted on  t h e  a l l o y s  l i s t e d  i n  Tab le  20 . I( 
Some o f  t h e  a l l o y s  c o u l d  be  reduced up t o  50% a t  500?F, b u t  o n l y  about  5% 
a t  room tempera tu re .  Befo re  s t a r t i n g  a h o t  r o l l i n g  program, o t h e r  means o f  
b r a z i n g  a l l o y  placement were sought .  
3.5.4 Flame Sprayed Braz ing  Alloy Placement 
Braz ing  tests  o f  f lame sp rayed  b r a z i n g  a l l o y  c o a t i n g s  on  2024 honey- 
comb c o r e  sandwiches were conducted.  Al loys  58-1, 52-3, and 53-1 were 
Alloy Code 
44- 2 
-44-3 
44-4 
47-3 
48- 1 
48- 2 
-50-4 
50-6 
52- 2 
-52-3 
52-5 
-52-4 
-53- 1 
-58- 1 
TABLE 20 
ROLLING TESTS OF SELECTED ALLOYS 
R o l l i n g  Temper a t  u r e  
O F  
70  
500 
70 
500 
70 
500 
70 
500 
70 
500 
70 
70  
500 
70 
500 
70  
500 
70 
500 
70 
70 
500 
70 
500 
70 
500 
- Showed most promise i n  b r a z i n g  tests. 
112 
Reduct ion  i n  M i l s  Before  
S i g n i f i c a n t  Edge Cracking 
( O r i g i n a l  Thickness  10" t o  12") 
21 2 
50 9 
40 9
40 15
28 16
10 
5 
22 
10 
18 
3 
55 
5 
87 
9 
6 
25 
3 
23 
10 
48 
c r u s h e d  t o  powder and sp rayed  u s i n g  a n  o x y- a c e t y l e n e  m e t a l  powder f lame 
s p r a y  gun. I n  a d d i t i o n ,  a l l o y s  58-1, 53-1, 52-3 and 52-4 were cast  i n t o  
rod molds, c e n t e r l e s s  ground t o  3/26", and s p r a y e d  u s i n g  a r o d  t y p e  oxy- 
a c e t y l e n e  f lame s p r a y  gun. Braz ing 'tests employing t h e  f lame s p r a y e d  b r a z i n g  
a l l o y  c o a t i n g s  were unsuccess fu l .  The s p r a y e d  c o a t i n g s  d i d  n o t  f i l l e t  and 
f l o w  a d e q u a t e l y  when b r a z i n g  w a s  a t t empted  a t  930°F. Honeycomb c o r e  c e l l  
wal ls  were c o a t e d  w i t h  t h e  b r a z i n g  a l l o y s  b u t  f i l l e t i n g  c h a r a c t e r i s t i c s  
were u n s a t i s f a c t o r y .  I n  e v e r y  case t h e  t o p  f a c e  of  t h e  b razed  sandwiches 
c o u l d  be s e p a r a t e d  from t h e  core .  
3.5.5 Thin  Sheet  C a s t i n g  
A method w a s  developed t o  cast  b r a z i n g  a l l o y s  i n t o  t h i n  s h e e t s .  It 
invo lved  pour ing  a mol ten  100 gm h e a t  of b r a z i n g  a l l o y  o n t o  a cerami.c p l a t e  
fo l lowed  by s p r e a d i n g  and quenching it w i t h  a 15" d iamete r  s t e e l  r o l l .  
F o i l s  as t h i n  a s  0.003f1 c o u l d  be  produced by t h a t  method; b u t  t y p i c a l  t h i c k -  
n e s s e s  ranged from O.OIOrr  t o  0.015'y. The s i x  c a n d i d a t e  a l l o y s ,  page 102, 
were cast i n t o  f o i l  by t h i s  method and t h e i r  r e s p e c t i v e  b r a z i n g  tests  are 
d i s c u s s e d  below. 
3.5.6 Brazing Tests Using Cas t  Th in  Shee t  Braz ing  Al loys  
Each one of t h e  s i x  c a n d i d a t e  a l l o y s  was cast i n  t h i n  s h e e t ,  approx i-  
mate ly  0.01" t h i c k  and used t o  b r a z e  2024 sandwiches a t  930°F i n  a n  a rgon  
atmosphere.  
a l l  of t h e  a l l o y s  ev idenced  e x c e s s i v e  run-down t o  t h e  lower sandwich f a c e  
and poor f i l l e t i n g  c h a r a c t e r i s t i c s .  
With t h e  e x c e p t i o n  of a l l o y  50-4, which was incomple te ly  me l t ed ,  
Alloy 50-4 was modi f i ed  by i n c r e a s i n g  t h e  germanium c o n t e n t  t o  30% 
and a b r a z i n g  t e s t  OR a 2024 sandwich w a s  r e p e a t e d  a t  920°F. 
sandwich w a s  brazed,  t h e r e  was  no node f low and l i t t l e  f i l l e t i n g .  
Although t h e  
I t s  
f la twise  t e n s i l e  s t r e n g t h  was 100 p s i ,  w i th  t h e  f a i l u r e  a t  t h e  bottom f a c e  
c o r e  r o o t .  
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. .  
Alloy 53-1 was  similar i n  composi t ion  t o  50-4, b u t  had  a lower f low 
tempera ture .  Accordingly ,  sandwich b r a z i n g  tests of a l l o y  53-1 were con- 
duc ted  a t  850°F and 860°F. I n c o a p l e t e  m e l t i n g  and f a c i n g  s e p a r a t i o n  was 
obse rved  f o r  t h e  850°F b r a z i n g  t empera tu re .  The specimen bxazed a t  860°F 
appeared  t o  have  f lowed and w e t t e d  adequa te ly ,  b u t  t h e r e  was no f i l l e t i n g .  
Its f l a t w i s e  t e n s i l e  s t r e n g t h  w a s  50 p s i .  
Two sandwich b r a z i n g  t e s t s  of a l l o y  44-3 were conducted  a t  900'F. 
I n  b o t h  cases, t h e  b r a z e  appea red  sound,  b u t  f i l l e t i n g  w a s  poor ,  and t h e  
saadwich f a c e s  c o u l d  be  s e p a r a t e d  manually;  consequen t ly ,  f l a t w i s e  t e n s i l e  
t es t s were n o t  conducted.  
Alloy 58-1 was used  t o  b r a z e  sandwich specimens a t  880°F and 890'F. 
I n  b o t h  cases, f i l l e t i n g  was poor ,  and t h e  sandwich f a c e s  were s e p a r a e e d  
manua 1 l y  . 
A r e- examina t ion  of t h e  above s p e c i n e n s ,  and o t h e r  s imi la r  specimens 
b razed  p r e v i o u s l y ,  r e v e a l e d  t h a t  w e t t i n g  and f l o w  were adequate.  Sandwich 
f a c e s  and c o r e  cell w a l l s  were f u l l y  c o a t e d  w i t h  t h e  r e s p e c t i v e  b r a z i n g  
a l l o y s ,  b u t  t h e  f i l l e t i n g  c h a r a c t e r i s t i c s  were poor. 
appeared  t o  be a problem. 
upper s u r f a c e s  o f  t h e  sandwiches and f u l l y  c o a t e d  t h e  under s i d e  of t h e  
Excess f l u i d i t y  
In some cases, t h e  b r a z i n g  a l l o y s  r a n  o f f  t h e  
lower Eaces; f o r  example, F i g u r e  46 , top .  S e v e r a l  of t h e  sandwiches 
ev idenced  e r o s i o n  o f  t h e  honeycomb c o r e  ( a l l o y  2024). It was no ted  t h a t  when 
t h e  c o r e  w a s  d i s s o l v e d ,  l a r g e  f i l l e t s  were formed. 
and 58-1 were x o d i f i e d  by add ing  2024 t o  t h e  r e s p e c t i v e  me l t s .  
Consequent ly ,  a l l o y s  53-1 
A l l o y  53-1 t 10% 2024 w a s  used  t o  b r a z e  a 7075 sandwich a t  880°F. 
Although t h e  b r a z i n g  a l l o y  was inconiple te ly  me l t ed ,  t h e  b razed  sandwich ' 
f l a t w i s e  t e n s i l e  s t r e n g t h  was 300 p s i .  Alloy 58-1 + 10% 2024, b razed  
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%o 2024 sandwiches brazed a t  92Q0 to 930°F shown a f t e r  f l a t w i s e  t e n s i l e  
tes t ing .  Note brazing a l l o y  f 
f i l l e t i n g .  
cope cell  wal l s ,  but there was no 
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i d e n t i c a l l y ,  a l s o  was i ncomple t e ly '  mel ted.  I ts  sandwich f latwise t e n s i l e  
s t r e n g t h  w a s  140 p s i .  
A d d i t i o n a l  m o d i f i c a t i o n s  of a l l o y s  53-1 and 58-1 were made and t h e y  
were used  t o  b r a z e  2024 sandwiches a t  920°F. The sandwich b razed  w i t h  a l l o y  
53-1 + 20% 2024 had a f l a t w i s e  t e n s i l e  s t r e n g t h  of 170 p s i .  Al loy 53-1 + 
10% 7075 y i e l d e d  a sandwich w i t h  a f l a t w i s e  t e n s i l e  s t r e n g t h  o f  360 p s i .  
A m o d i f i c a t i o n  of  58-1 w i t h  20% 7075 y i e l d e d  a sandwich f l a t w i s e  t e n s i l e  
s t r e n g t h  of 6 0 0 ' p s i ,  when b razed  a t  930°F. 
i n  F i g u r e  46 , bottom. Note t h a t  t h e  honeycomb c o r e  was f u l l y  c o a t e d  
w i t h  b r a z i n g  a l l o y ,  b u t  t h e r e  w a s  no f i l l e t i n g  i n  t h e  nodes and no f a c e - t o-  
c o r e  f i l l e t s .  
run-down, o r  incomple te  m e l t i n g  con t inued  t o  be problems and t h e  f i l l e t i n g  
Two of t h e s e  specimens are shown 
A d d i t i o n a l  tes ts  were conducted and e i t h e r  b r a z i n g  a l l o y  
c h a r a c t e r i s t i c s  of t h e  a l l o y s  were not  s a t i s f a c t o r y ,  compared w i th  AI-Si 
t y p e  a l l o y s ,  Better appea r ing  resu l t s  were o b t a i n e d  w i t h  a duplex b r a z i n g  
c y c l e ,  i n  which t h e  specimens were i n v e r t e d  a f t e r  t h e  f i r s t  b r a z i n g  o p e r a t i o n  
and rebrazed .  
A s ca l e- up  b r a z i n g  tes t  w a s  done w i t h  a 2024 a l l o y  sandwich p a n e l ,  
approximate ly  0.6" x 12" x 12". A m o d i f i c a t i o n  of b r a z i n g  a l l o y  58-1 w a s  
u sed  f o r  one- ha l f  o f  t h e  p a n e l  and a m o d i f i c a t i o n  of  a l l o y  53-1 f o r  t h e  
o t h e r  h a l f .  The two b r a z i n g  a l l o y  compos i t ions  were t h e  fo l lowing:  Code 
58-1 p l u s  20% 7075; and Code 53-1 p l u s  10% 2024. 
A f t e r  weld s e a l i n g  and purg ing  t h e  r e t o r t ,  t h e  p a n e l  w a s  b r azed  
w i t h i n  t h e  r ange  900" t o  940°F. During t h e  b r a z i n g  c y c l e ,  t h e  r e t o r t  w a s  
removed from t h e  b r a z i n g  d i e ,  i n v e r t e d ,  and r e p l a c e d  w i t h i n  t h e  d i e  f o r  t h e  
remainder  of  t h e  b r a z f n g  cyc l e .  
The p a n e l  w a s  s e c t i o n e d  f o r  examina t ion  and f latwise t e n s i l e  t e s t i n g ,  
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b u t  it was e v i d e n t  t h a t  it was n o t  a d e q u a t e l y  brazed.  Although t h e  c o r e  c e l l  
walls  and f a c e s  were w e t  by bo th  of  t h e  b r a z i n g  a l l o y s ,  t h e r e  were no f i l l e t s .  
The f a c e s  c o u l d  be  s e p a r a t e d  from t h e  c o r e  manual ly ;  consequen t ly ,  no 
mechanica l  tests were conducted.  
A f t e r  a n o t h e r  r e v i e w  of t h e  p r e v i o u s  b r a z i n g  and f l o w  tes ts ,  t h e  
a l l o y  65A1-26Mg-9Cu (Code No. 9 )  was t e s t e d  by b r a z i n g  a 2024 sandwich a t  
930"F, 
was no e r o s i o n  of t h e  c o r e  f o i l ,  nor p e n e t r a t i o n  of  t h e  f a c i n g  s h e e t .  
E x c e l l e n t  f i l l e t i n g  and f low c h a r a c t e r i s t i c s  were o b t a i n e d  and t h e r e  
The 
f l a t w i s e  t e n s i l e  s t r e n g t h  o f  t h e  specimen was 750 p s i ,  b u t  t h e  f a i l u r e  mode 
was f r a c t u r e  o f  t h e  f i l l e t s  as shown i n  F i g u r e  47 . Because of  i t s  weak 
and b r i t t l e  n a t u r e ,  t h e  a l l o y  65A1-26Mg-9Cu w a s  e l i m i n a t e d  from f u r t h e r  
c o n s i d e r a t i o n .  
3.5.7 Braz ing  Alloy O p t i m i z a t i o n  
From T a b l e s  7 th rough  1 7  , t h e  s t r o n g e s t  and most d u c t i l e  b r a z i n g  
a l l o y s ,  w i t h  t h e  lowest  m e l t i n g  ranges ,  were s e l e c t e d  and they  are l i s t e d  
i n  Tab le  21 From t h a t  l i s t ,  t h r e e  a l l o y s  were s e l e c t e d ,  r emel t ed ,  cast 
i n t o  t h i n  f o i l ,  and used  t o  b r a z e  sandwiches a t  approx ima te ly  1000°F. 
sandwich materials were X7106 f a c e s  and X7005 honeycomb c o r e ,  t y p e  6-50 x 4''. 
The 
T a b l e  22 l i s t s  t h e  a l l o y s  s e l e c t e d ,  t h e  b r a z i n g  t empera tu re ,  and 
Although none of  t h e  brazements were wi thou t  d e f e c t s ,  t h e y  t h e  r e s u l t s ,  
showed more promise t h a n  t h o s e  a l l o y s  t e s t e d  on  2024 a t  900" t o  93G"F, 
Consequent ly ,  tes ts  were conducted  t o  f u r t h e r  r educe  t h e  G e  c o n t e n t  of t h e  
b r a z i n g  a l l o y s ,  b u t  h o l d  t h e  b r a z i n g  t empera tu re  a t  o r  below 1000°F. 
(Fig .  48, 
Those 
a l l o y s  t e s t e d  are l i s t e d  i n  Tab le  23 . One of t h e  b e t t e r  specimens is 
shown i r i  F i g u r e  4 8 ,  bottom, a f t e r  f l a t w i s e  t e n s i l e  t e s t i n g .  
w a s  b r a z e d  w i t h  t h e  a l l o y  68Al-7Si-15Ge-lOZn a t  l O l O n  - 1020°F. It had 
That  s p e c i m e n '  
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Flatwise Tensile Tested Sandwich comprised of 2024 Faces and Core 
and the Brazing Alloy 65A1-25Mg-9Cu. Note Fracture of the F i l l e t s .  
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Figure 48 
Top: X7106 sandwich brazed a t  l O l O O F  with an A1-Ge-Si Alloy 
Bottom: X7106 sandwich brazed a t  l O l O O F  with an Al-Ge-Si-Zn a l l o y ,  shown a f t e r  
f la twi se  t e n s i l e  t e s t ing .  
f u l l  node f low 
Note uniform f i l l e t i n g ,  both faces ,  and 
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uniform f i l l e t s  on b o t h  f a c e s  and f u l l  node flow. The f l a t w i s e  t e n s i l e  
s t r e n g t h  was 830 p s i  w i t h  c o r e  tear  as t h e  f a i l u r e  mode. 
A d d i t i o n a l  specimens are shown i n  F i g u r e s  49 and 50. Specimen 
123-1, F i g u r e  49 t o p ,  w a s  b r a z e d  w i t h i n  t h e  r ange  1000°F-10200F and shows 
s m a l l  f i l l e t s  on  b o t h  f a c e s  b u t  no node flow. F i g u r e  49, bot tom,  shows a 
similar specimen which had magnesium g a l l e d  o n t o  t h e  sandwich f a c e s .  A l-  
though t h e  magnesium improved t h e  b r a z i n g  a l l o y  f l o w  c h a r a c t e r i s t i c s ,  it 
caused p i t t i n g  and b r a z i n g  a l l o y  d i f f u s i o n  i n t o  t h e  sandwich f a c e s .  
F i g u r e  SO shows a specimen which had b r a z i n g  a l l o y  f o i l  p re-  
p o s i t i o n e d  i n  t h e  honeycomb c o r e  nodes d u r i n g  t h e  c o r e  b l a n k e t  f a b r i c a t i o n .  
E x c e l l e n t  f i l l e t i n g  and c o r e  node j o i n i n g  w a s  ach ieved  and t h e r e  was no 
b r a z i n g  a l l a y  d i f f u s i o n  i n t o  t h e  f a c i n g s .  
Because of s c h e d u l e  r equ i remen t s ,  it was n e c e s s a r y  t o  make t h e  
b r a z i n g  a l l o y  s e l e c t i o n  a t  t h i s  t i m e  f o r  t h e  b r a z i n g  and t e s t i n g  program 
r e p o r t e d  i n  Volume I T ,  S e c t i o n  2.  The a l l o y s  s e l e c t e d  were 68A1-7Si-lSGe- 
lOZn and 68A1-7Si-15Ge-lOAg, each of  which would have a b r a z i n g  t e m p e r a t u r e  
of approxirnate ly  1020°F. The sandwich p a n e l  m a t e r i a l s  would b e  X7106 f a c e s  
and X7005 honeycomb core. 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 
Alloy sys tems which might  b e  u s e f u l  f o r  f l u x l e s s  b r a z i n g  of aluminum 
a l l o y s  a t  900°F were i d e n t i f i e d .  They a r e :  A1-Ge, A1-Ag, Al-Mg, and Af-Zn. 
Because it was  found t h a t  Al-Zn a l l o y s  wi th  more t h a n  30% Zn would l a c k  
c r y o g e n i c  d u c t i l i t y ,  t h e  Al-Zn sys tem was n o t  c o n s i d e r e d  s u i t a b l e  f o r  t h i s  
program. I n  t h e  A1-Mg sys tem,  t h e  a l l o y  65A1-26Mg-9Cu was found t o  b r a z e  
2024 honeycomb c o r e  sandwiches w i t h i n  t h e  t e m p e r a t u r e  r ange  900"-930"F. 
Sound brazements were ach ieved  w i t h  e x c e l l e n t .  f F l l e t i n g  c h a r a c t e r i s t i c s .  
However, t h a t  b r a z i n g  a l l o y  l acked  a p p r e c i a b l e  d u c t i l i t y .  The f i l l e t s  
f r a c t u r e d  when b r a z e d  sandwiches w e r e  t e s t e d  i n  f l acwise  t e n s i o n ;  consequen t ly ,  
exper imen t s  on  t h e  Al-Mg sys tem were d i scon t inued .  I n  t h e  Al-Ag system, a n  
Al-Ag-Cd-Zn a l l o y  and an  Al-Ag-Zn-Cu a l l o y  were t e s t e d  w i t h  i n  t h e  b r a z i n g  
rarige of 900" t o  1COO"F ,  b u t  t h e i r  w e t t i n g  c h a r a c t e r i s t i c s  were poor. 
Al-Se sys t em w a s  t e s t e d  e x t e n s i v e l y  w i t h  a d d i t i o n s  of S i ,  Zn, Cu, Ags ME, 
The 
and Au. Numerous s p e c i f i c  a l l o y s ,  which f lowed on and w e t  2024 aluminum 
w i t h i n  t h e  t empera tu re  range  850" t o  950"F, were i d e n t i f i e d  and t e s t e d  f o r  
b r a z e a b i l i t y  on  2024 honeycomb sandwiches. 
nor b r a z e d  honeycomb c o r e  sandwiches a c c e p t a b l y .  The l a c k  of  b r a z e a b i l i t y  
a t  900°F is  unexpla ined;  because ,  s imi la r  a l l o y s  would f i l l e t  and b r a z e  a t  
1000°F when t h e  G e  c o n t e n t  was decreased  a p p r o p r i a t e l y .  
None of t h o s e  a l l o y s  f i l l e t e d  
4 
The two s p e c i f i c  a lLoys  chosen f o r  sandwich brazements  were 68A1- 
7Si-15Ge-lOZn and 68A1-7Si-15Ge-lOAg, which b r a z e d  aluminum a l l o y s  s z t  approx i-  
mate ly  1000°F. It w i l l  be  no ted  t h a t  any b i n a r y  combinat ion  i n  t h o s e  two 
r e s p e c t i v e  -a l l o y s  ( excep t  Ag- rich A1-Ag a l l o y s )  y i e l d s  a r e l a t i v e l y  s i m p l e  
a l l o y ,  f r e e  from i n t e r m e t a l l i c  compounds. A con t inuous  s e r i e s  of s o l i d  ' 
s o l u t i o n s  i s  formed by coinbinations of S i  and Be whi l e  S i  and Zn are i n s o l u b l e .  
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All o t h e r  b i n a r y  combinat ions  i n  t h o s e  r e s p e c t i v e  a l l o y s  have  e u t e c t i c s .  It 
is s u g g e s t e d  t h a t  among t h e  p o s s i b l e  a l l o y s  i n  t h e  sys tem hl-Si-Ge-Zn-Ag,, 
t h e r e  may ex i s t  s o l u t i o n s  t o  t h e  problems of b r a z i n g  a t  900°F. A s t a t i s t i c a l l y  
des igned  exper iment  would b e  u s e f u l  f o r  t h a t  purpose ,  
On t h e  o t h e r  hand,  tes t  r e s u l t s  on  quenched X7106 and 2024 i n d i c a t e d  
t h a t  b r a z e d  sarrdwiches f a b r i c a t e d  from 2024 would b e  only  m a r g i n a l l y  u s e f u l  
because  t h e y  would have t o  be r e - h e a t  t r e a t e d  a f t e r  b r a z i n g  t o  develop 
c o n d i t i o n  T-6 mechanica l  p r o p e r t i e s .  When X7106 sandwiches were c o n t a i n e d  
w i t h i n  r e t o r t s  and t h e  a s s e m b l i e s  were quenched i n t o  l i q u i d  n i t r o g e n ,  the 
quenching r a t e s  were n o t  f a s t  enough. The p o s t - b r a z e  h e a t  t r e a t m e n t s  of 
X7106, 7039 and X7005 can  b e  accomplished because  t h e i r  uniqxe combinat ion  
of  p r o p e r t i e s  p rov ide  more t h a n  150°F d i f f e r e n c e s  be tween b r a z i n g  t e m p e r a t u r e s  
and minzmum s o l u t i o n  h e a t  t r e a t m e n t s .  
2014 and 2219 would have t o  be p o s t - b r a z e  h e a t  t r e a t e d  ac t empera tu res  wi th-  
i n  o r  above t h e  b r a z i n g  t e m p e r a t u r e  range.  
I n  c o n t r a s t ,  a l l o y s  such as 2024, 
The advantages  of t h e  two newly developed b r a z i n g  a l l o y s  (Al-Ge-Si- 
Zn and A1-Ge-Si-A&) f o r  X7l.06 o r  7039, are t h e i r  dec reased  d i f f u s i o n  i n t o  
t h e  s u b s t r a t e s ,  compared w i t h  t h e  commercial b r a z i n g  a l l o y s ,  and t h e i r  
lower b r a z i n g  t empera tu res  which would improve p r o d u c i b i l i t y ,  because  o f  
t h e  wider  pe rmissab le  b r a z i n g  t empera tu re  range.  
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